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IN VIVO MEASUREMENT 
... immediately, continuously 


You no longer need to withdraw samples to measure oxygen tension in blood or 
fluid. The Beckman oxygen micro electrode, sheathed in an 18-gauge arterial 
needle, goes to the source... live tissue, circulating blood, body fluids in their 
natural environment... and transmits a continuous measurement of pO, from 
within the subject. You observe changes as they happen. You eliminate gaps in 
information. Since pO, is read directly, you do away with tedious calculations. 


The versatile multi-channel amplifier provides scales for pCO, and pH as 
well as pO,, and will accommodate Severinghaus-type CO, electrodes, blood 
pH electrodes and other Clark-type oxygen electrodes. Special configurations of 
the oxygen micro electrode and amplifier can be made for unusual applications. 

For further information about the oxygen micro electrode and amplifier 
... described as the Model 160 Physiological Gas Analyzer... write Beckman 
Instruments, Inc., Spinco Division, Stanford Industrial Park, Palo Alto, 
California. Ask for data file 160-5. 


® 
Beckman Spinco Division 


Beckman Instruments, Inc. 80-4 
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Two Important Factors to Consider 


When Ordering Research Biochemicals 


Of course quality of product is still the prime factor. 
And N.B.Co. is world famous for its complete stocks 
of the finest quality and purest biochemicals. But 
time and money are very important, too. Being able 
to deliver your biochemicals almost instantly and at 
economical prices have made N.B.Co. the world’s 


number one Research Biochemicals House. Our 


Nutritional 
Biochemicals 
Corporation 


21010 MILES AVENUE, CLEVELAND 28, OHIO 


stocks include over 300 Amino Acids ¢ over 90 Pep- 
tides * over 200 Nucleoproteins, Purines, Pyrimi- 
dines Miscellaneous Biochemicals Vitamins ¢ 
Enzymes-Crystalline, Purified * Growth Factors e 
Steroid Hormones ¢ Biological Salt Mixtures and 
Test Materials Carbohydrates Purified Proteins 


e Fatty Acids Antibiotics Alkaloids Glandular 
Substances. 


Send for our free February, 1961 
Catalog containing more than 2600 
| items. Fill out coupon and mail to- 

day for your copy. sc 


SCIENCE is published wee by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class ‘postage pa at Washington, D.C., and 
additional mailing Office. Annual subscriptions: $8.. 50; foreign postage, $1.50; Canadian postage, 
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Editorial Science for the Citizen 


Articles Nest Climate Regulation in Honey Bee Colonies: J. Simpson 


Honey bees control their domestic environment by methods based on their 
habit of clustering together. 


Data Processing by Optical Coincidence: J. D. Campbell and H. S. Caron 


This unconventional use of punched cards provides a flexible and rapid 
means for hand tabulation. 


Behavidral Thermoregulation: B. Weiss and V. G. Laties 


Behavior is a remarkably sensitive mechanism in the regulation of 
body temperature. 


Science in the News The Test Ban: The Russians Now Say That the Inspection System is Only “Symbolic”. . 
Book Reviews’ R. Ulich’s The Education of Nations, reviewed by J. Barzun; other reviews 


Reports Occurrence of Titanium, Vanadium, Chromium, and Sulfuric Acid in 
the Ascidian Eudistoma ritteri: E. P. Levine 


Wave-Guide Modes in Retinal Receptors: J. M. Enoch 


Does the Male Stimulate Oestrogen Secretion in Female Canaries? 
R. P. Warren and R. A. Hinde 


Specificity of Discrimination Learning to the Original Context: F. A. Logan 


Perceived Movement in Depth as Function of bosque Luminance: 
C. A. Baker and W.C. Steedman ...... 


Auxin Gibberellic Acid Interaction in Controlling the Hypocotyl Growth 
in Seedlings: M. M. Laloraya and S. A. Naqvi ? 


Giant Desiccation Fissures on the Black Rock and Smoke Creek Deserts, Nevada: 
R. Willden and D. R. Mabey 


Reactivation of Rabies Virus Infection with Adrenocorticotropic Hormones: 
O. A. Soave, H. N. Johnson, K. Nakamura 


An Advancing Glacier in Canada: R. West and A. Maki 
Zinc-65 in Reactor Workers: S. H. Cohn, R. A. Love, E. A. Gusmano 


National Academy of Sciences: Abstracts of papers presented at the annual meeting .... 


Departments Forthcoming Events; New Products 


Cover Oblique aerial photograph of desiccation fissures on the Black Rock Desert, Nevada. 
The car tracks shown in the foreground and elsewhere in the photograph indicate the 
scale of the fissures. See page 1359. 
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The new Coleman Titrion, together with the 
Coleman Companion pH Meter, provides an 
instrumentation package capable of automat- 
ically performing virtually any electrometric 
titration in the analytical laboratory. 


Outstanding features of 
the Titrion-Companion: 


Speed—complete automatic titration in 1 to 
minutes. 


Accuracy, Sensitivity—routine accuracy 
well within 0.1 pH; 2 millivolt potential differ- 
ence operates titrant flow control. 


Automation—electronic sensing of end- 
point approach; electronic control of titrant 
flow; panel lights for operating and end-point 
signals. 


AUTOMATIC TITRATOR 


for acid-base...redox...dead-stop...conductometric titrations 


Economy—high-volume output cuts unit 
cost of titrations; Companion mounts on Titrion 
control case to conserve bench space. 


Versatility—control system adapts instru- 
mentation to any titration curve; provision fo1 
continuous titration; operates over full 0-14 
pH and 1400 millivolt range; pH titrations are 
temperature compensated. 


Convenience—controls and equipment 
carefully grouped for greatest operating ease; 
electrodes positioned in sample with a single 
motion. 

Practicality—technicians need no special 
training to maintain high levels of accuracy. 


Find out how Titrion and Companion can save 
time and effort in your titrations. 


For full details write for Bulletin SB-275 


Onder and, simplficalion, ane the madlery Of amy science 


COLEMAN INSTRUMENTS, INC., MAYWOOD, ILLINOIS 
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*American Journal of Clinical Pathology 
Vol. 33. No. 2. February 1960, pp 144-151 
“Application of Refrigerated Microtome in 
Surgical Pathology” by Bernard Klionsky, 
M.D. and Othello D. Smith, M.D. 


The Journal of Histochemistry and 
Cytochemistry Vol. 8, No. 5. Septem- 
ber, 1960, pp 310 “‘A Frozen Section 
Freeze Substitutions Technique and an 
Improved Cryostat” by Jeffrey P. 
Chang and Samuel H. Heo i. 


revolutionizes 
frozen sectionin 


A demonstration will convince you that this pathologist- 
directed* development of International Equipment Co. combines 
Speed, accuracy and economy as never before resulting in fin- 
ished slides which offer exceptional cytological detail. It brings 
rewarding advantages to pathology laboratories of all sizes. 


1. By reducing fresh-tissue-to-finished-slide cycles to 3 min- 
utes or less, it speeds diagnostic service. é 


2. By producing large or small, thin, un-vrinkled sections of 
single or multiple pieces of fresh frozen tissue, it provides undis- 


Ai torted cytological detail for research or regular pathological work. 
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fresh tissue 
to finished slide 


3 minutes 


from 


or less! 


COMPLETE FROZEN SECTIONING PACKAGE includes: 
Model CT) Microtome Cryostat; rust-proof International 
Minot Rotary Microtome; Quick Freeze Attachment 
for freézing fresh tissue directly to Minot chuck; 

~Anti-Roll Attachment for keeping sections flat; Suction 
Pickup for transferring sections. 


g! 


3. By employing supermarket-proved “open-top cold box” 
principles, it maintains safe temperature between —10°C and 
—20°C even with the cover open. 


+. By meeting budgetary limitations of small laboratories with 
a price based on mass-precision productive skills and experi- 
ence, it makes frozen sectioning practical even for small-volume 
pathologic diagnosis. 


Your nearby authorized International Dealer will gladly arrange 
for a convenient demonstration. Write for descriptive brochure. 


INTERNATIONAL (EC) EQUIPMENT CO. 


BUILDING NO. 3B, 1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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Complete 


HS-6 


Permanent magnet-lens system 
20 AU resolution. 

Suitable for medical purposes 
Easy operation 


HU-11 


HITACHI Electron Microscope 


For All Scientific Institutes And Laboratories 


Direct Magnification : 


Resolving Power: 


@ Accelerating Voltage: 100,75 and 50KV 

@ Optical System: 3-stage magnetic lens 
system, 4 turret projection lenses, inter- 
changeable during operation. 

@ Magnification: (Electronic) 400~250,000X 


250,000 Times 
8~10 AU 


@ Resolving Power: 8~10AU 
@ Minimum Area of Selected Field: 1 we 


@ Accessories: Specimen heating and cool- 
ing devices, X-ray microscope unit, holder 
for diffraction, ete. 


“HITACHI, Ltd. has now developed the new model HU-II, a unit featuring extremely high resolving 
power and being able to attach many kinds of accessories”. 


Erb & Gray Scientific, Inc. 


854, S. Figueroa St., Los Angeles, California 


@) 


Toryo Japan 


Cable Address: “HITACHY” TOKYO 
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ACCURATE LIQUID DISCHARGE TO .Oi1ul 


Announcing—The #7001 Hamilton Microliter Syringe! Here is-a revolutionary 
new syringe with a | ul capacity and a scale subdivided into 100 parts. It has an 
accuracy of +.03% ...permitting accurate discharge of liquids to 1/100 ul. 

The bore of the needle serves as the syringe barrel. The plunger is 0.006” tungsten 
wire which bottoms at the point of the 7 cm needle. As a result, there is only 
microscopic loss of liquid, and no hold-up or dead volume. 


The #7001 is the ideal syringe for discharging the minute liquid volumes required 
for extreme accuracy in chromatography and similar research and analysis. 


#7001-N 1 ul (1/1000 ml) Microliter Syringe with 7 cm length needle, pat. pend., $35.00 
#7001-NCH (Above syringe, with Chaney Adaption)....................02.005. $41.00 


Order direct ... also available through your supply house. 


Write today for a 
brochure describing 
Hamilton’s complete 
line of precision 

© measuring 
equipment. Price 
list is included. 


Hamilton Company, Inc. 
P.O. Box 307-K, Whittier, California 


| Send me a copy of your equipment brochure. 


HAMILTON COMPANY, ine. name 


PRECISION MEASURING EQUIPMENT 
FOR CLINICAL AND CHEMICAL RESEARCH 


Attach to company letterhead and mail 
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Combines the features of a text 
and a lab manual --in a single book 
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CHEMICAL 


New (2nd) Edition 
by Robert B. Fischer, Ph.D. 


From fundamental principles to intricacies of polarography— 
this New (3rd) Edition covers all phases of quantitative anal- 
ysis. Designed for students who are already familiar with the 
subject matter of the average course in general chemistry, this 
text is so organized that it may be adapted easily to varying 
circumstances. 


Introductory material and such general topics as principles of 
analytical balance and types of quantitative analysis are pre- 
sented in Part I. Part II on gravimetric methods and Part III 
on volumetric methods have been written so that the order in 
which they are taught can be reversed. The chapter on treat- 
ment of analytical data is self-complete, so it can be postponed 
until later in the course. 


Parts IV and V include discussions of optical and electrical 
methods of analysis. This material is primarily descriptive, 
serving either as an introduction for students who. will subse- 
quently take further courses in these methods, or as the one 
course in quantitative analysis for chemistry majors. 


Interspersed throughout the book you'll find 43 laboratory 
experiments, numerous sample problems worked out completely, 
and more than enough problems for assignment at the end of 
each chapter. The answers are listed in an Appendix. Impor- 
tant points are emphasized with extremely clear illustrations. 


By Rosert B. FiscHer, Ph.D., Professor of Chemistry, Indiana University, 501 pages 
6%” x 914”, illustrated.’ About $6.75. (2nd) Edition -Just 


ANALYSIS 


Features: 


® new treatment of analytical bal- 
ance giving clear picture of modern 
balances and current weighing tech- 
niques. 

@ theory of precipitation process re- 
vised giving greater emphasis to the 
physical mechanisms of nucleation 
and crystal growth and to their im- 
portance in quantitative separation. 
@ material on principles and theory 
of neutralization reactions expanded 
to provide fuller treatment of mod- 
ern acid-base concepts, and_ their 
application to non-aqueous systems. 
® separate chapter covers discussion 
of complexometric titrations, in 
view of recent fundamental and 
applied developments in quantita: 
tive analysis. 

® more modern theoretical treat- 


-ment of oxidation-reduction reac. 


tions. 
® new laboratory experiments on 
optical and electrical methods, re 
quiring relatively inexpensive equip: 
ment. 


Gladly sent to college teachers on approval 
W. B. SAUNDERS COMPANY 


West Washington Square 


1322 


Philadelphia 5, Pa. 
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8.9cm-1 
4.8cm-! half band width 


band width | 


861 cm-! 


0.7 cm-! 
903 cm-} 


routine quantitative analysis. 


2.0 


_ ing bands. Note, for instance, | | 


‘eat: 3.7 cm-! 


IL. 133 
SPECTRAL SLIT WIDTH 8.0 cm-! 


Left, spectrum of a 0.21 mm. 
thickness sample of spectro-grade 
cyclohexane demonstrates the 
importance of high resolution for | 


Right, the C-H stretching band 

of methane illustrates the increased 
research data obtainable with 

high resolution spectroscopy. 


th 0.5 cm- 


Beckman IR... 
highest resolution for routine 
quentitative analysis and 


advanced theoretical studies. | N 

High resolution of the Beckman | | | : 

IR-7 does more than merely i | 


separate closely spaced neighbor- 


how the apparent intensities of 
the two cyclohexane bands 

increase with higher resolution. 
The relatively greater increase 

in the intensity of the 903 cm-! 
band at higher resolutions is 

the result of its narrower half- 
band width. These two commonly 
analyzed samples demonstrate 

the importance of high resolution 
in both low and high frequency 
regions and, for both gas 

and liquid samples. Comparative 
spectra were run with identical 
samples; slit width and resolutions, 
were varied as noted. % High 
resolution is essential for all areas 

of spectroscopy; for studies of 
molecular motion and structure, 
for differentiating between 
substances which exhibit similar 
spectra, and also for providing 
increased sensitivity and absolute 
accuracy for quantitative analysis. 
A further long-run advantage 

of high resolution is the increased 
potential for transferring data 
from one instrument to another. 
For more information about high 
resolution spectrophotometers, 
including indene spectra, write 

for Data File 38-17-02. 


1.0 cm- 


5.0 cm: 


Beckman: 

Scientific and Process / Instruments Division 
Beckman Instruments, Ine. 
Fullerton, California 


SPECTRAL SLIT WIDTH 20.0 cm 
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High Corboration. 


‘CHARGED PARTICLis” 


Nuclear-Structure Research 


Initial work with the 12-Mev 
Tandem Van de Graaff has con- 
firmed beyond expectations our 
early conviction that this accel- 
erator system would greatly ex- 
tend areas of useful research. A 
previously “dark” area, in fact 
the whole upper half of the peri- 
odic table, can now be investi- 
gated with precision. The range 
now beginning to be explored 
with extremely stable. monoen- 

ergetic particle beams includes 
many isotope-rich elements and 
the important domain of fission- 
able materials. Current research 
indicates the Tandem has in- 
creased the number of resolvable 
energy levels by an order of mag- 
nitude. In constructing @ theory 
of the nucleus, the precision we 
speak of is every pit as important 
as the extension in energy. Lan- 
dem ion beams permit discrimi- 
nation between closely associated 
energy levels and reveal new 
subtleties in the fine structure 
of heavier elements. 


The Tandem Van de Graaff’s 
external ion source at ground 
potential is @ boon to experi- 
menters. There are seventeen 
stable nuclei up to oxyse™ and 
all of these may be used as bom- 
barding particles. With multiple 
stripping and two-stage acceler- 
ation, oxygen ions have been 
accelerated to 60 Mev. 


A characteristic of truly new 
research tools is evident in the 
way the Tandem is shaping the 
direction and objectives of phys- 
ics research programs. As a 
result, four laboratories with 
machines installed and perform- 
ing to specifications, and others 
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RELATIVE 


CENTER OF MASS ENERGY IN MeV 


Data from current experimentation 
with the Tandem Accelerator at Chalk 
River Laboratories, Atomic Energy of 
Canada Limited. 


awaiting Tandem delivery, are 
planning to undertake work that 
is new and challenging. 


careful 


At High Voltage, 
thought is already being given 
to feasible extension of the basic 
Tandem principle. A three-stage 
injector Tandem with guaran- 
teed 17.5-Mev proton energy is 
on order for the University of 
Texas, and Tandem systems with 
99-Mev proton energy are feasi- 
ble today. This “second genera- 
tion” of Tandems will employ 
higher terminal potentials, three 
stages of acceleration and de- 
velopments to increase beam 
current. We are also investi- 
gating pulsing techniques for 
Tandems, and the possibility of 
polarized ion sources is being 
studied. 


A paper at our recent Accel- 
erator Conference, “Current Ex- 
perimentation with the Tandem 
Accelerator at the Chalk River 


this subject, 
called nuclear-structure physics, 
the reader may conclude we 


Laboratories',” describes an out- 
standing experimental physics 
program. Write us for a Copy: 


‘Low-Energy” Physics 
As we address ourselves to 
more elegantly 


have an axe to grind, and we 
admit it. We believe a great 
deal of research remains to be 
done on light nuclei. There is, for 
example, time-consuming but re- 
warding precision nuclear spec- 
troscopy to fill in gaps in existing 
energy level data, as well as new 
research related to the conserva- 
tion of isotopic spin, excitation 
energies of low excited states 
and direct interaction mechan- 
isms. 


Because much nuclear-struc- 
ture research can be accom- 
plished with standard Van de 
Graaffs in the 1-5 Mev energy 
range, equipped with ion sources 
for hydrogen, helium or heavy 
elements, these machines repre- 
sent ideal research instruments 
for the university physics labora- 
tory of modest proportions. We 
are presently compiling informa- 
tion on exactly where machines 
of moderate cost and energy can 
make significant contributions in 

jluminating concepts of nuclear 

structure and would be happy 
to discuss this subject with you. 


iH. E. Gove, Proceedings of the Second 
Accelerator Conference, ‘Amsterdam, Oct., 
1960 (North Holland Publishing Com- 
pany, 1961) p. 63 


Hicn VOLTAGE ENGINEERING 
CORPOR ATION 


BURLINGTON, MASSACHUSETTS: U.S.A. 


APPLIED RADIATION CORPORATION 


HIGH VOLTAGE ENGINEERING (EUROPA) WV. 
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Science for the Citizen 


“A democratic citizenry today must understand science in order to 
have a wide and intelligent democratic participation in many national 
decisions. Such decisions are being made now. They cannot be postponed 
for twenty years while we are improving our present educational system 
so that its products will constitute a significant fraction of the mature 
voting population. . . . ” Thus the President’s Science Advisory Commit- 
tee expressed itself nearly two years ago [Education for the Age of 
Science (24 May 1959)]. What this implies is that if science is to have 
the kind of support that is essential to its vigorous development, im- 
proved ways must be found to increase public understanding of what 
science and technology can do, of how they are carried out, and of the 
importance of basic research for its own sake and as the indispensable 
foundation for an advancing technology. 

The public to be reached is the general adult population, but what is 
the most effective way to reach it? In 1959 the National Science Founda- 
tion decided that an approach through the mass media—newspapers, 
magazines, radio, and television—would be the most effective first step, 
but that this should be an indirect approach, accomplished by helping 
reporters, science writers, and editors to meet with scientists under condi- 
tions that would permit unhurried discussion of scientific problems and 
a free interchange of ideas. 

The problem so far has involved eight 2- to 10-day “workshops” 
and “seminars” for reporters and science writers and four 1- to 3-day 
conferences for editors. To judge by the response of the participants, 
the results justify the effort: the scientists have come to have a more 
sympathetic understanding of the reporter’s problems, and the reporters 
and science writers have learned more about scientists and their methods 
of research; the editors have profited in the same way as the writers and 
have, in addition, come to appreciate the difficulties their reporters face 
in putting scientific results into readable form for the public. 

The enthusiastic response to a small national meeting for editors 
and scientists held in an informal setting at Marcell, Minnesota, last 
September led some of the editors who attended to believe that many 
of their colleagues might welcome a similar experience. Accordingly, 
the American Society of Newspaper Editors and the American Associa- 
tion for the Advancement of Science decided to cosponsor a seminar 
on the day prior to the annual ASNE meeting last week, and the 
National Science Foundation supplied the modest amount of money 
required to bring the five participating scientists to Washington. The 
scientists, with one exception, dealt with science itself, not with science 
and politics or science and culture. Harlow Shapley talked about the 
outer reaches of space; Francis O. Schmitt, about macromolecules in 
organisms; Frank Press, about recent developments in geophysics; and 
Frank A. Brown, Jr., about biological clocks. Warren Weaver, the 
luncheon speaker, discussed with characteristic breadth and brilliance 
the reciprocal responsibilities of scientists and the press in informing the 
public about science. 

There is no question about th= immediate success of the meeting: the 
editors relished the rich scientific fare that was provided. But the more 
important question is: How much of the initial enthusiasm will be 
translated into action when the editors go home? If they have been 
convinced that the need to cover events in science is as compelling as 
the need to cover sports, politics, and the arts, then the long-term 
impact of the program will be assured.—G.Du.S. 
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BAUSCH & LOMB 
STANDARD TEACHING 
MICROSCOPES 
Standard size and opera- 


tion, with optics of labora- 
tory microscope excellence. 


BAUSCH & LOMB 
TRI-SIMPLEX 


Costs are far less when MICROPROJECTOR 


Projects mounted speci- 
mens or living organisms 


you buy Bausch & Lomb! on screen or tracing pad. 


You get extra years of use out of this all-time best selling school microscope. 
And your investment is protected for life. 


STANDARD TEACHING MICROSCOPES take all the punishment your students 
can give them—proved by years of maximum use. And now the new exclusive 


teaching tools for the balanced science NAME, TITLE 


SCHOOL 


ADDRESS 


r 
| 


Bausch & Lomb force-proof clutch and lifetime ball-bearing focus make them BAUSCH & LOMB 
even more student-proof! BUNSEN 
SPECTROSCOPE 
Like all B&L instruments, they’re made in America, to the world’s highest This beste tick of chessieal 
standards. They’re guaranteed for life against defects in workmanship or porter shows spectra of 
materials. A nation-wide network of B&L dealers provides you with prompt elements. 
service, = 
That’s why it costs you far less to buy B&L. BAUSCH & LOMB INCORPORATED 
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CURRENT PROBLEMS IN RESEARCH 


Nest Climate Regulation 


in Honey Bee Colonies 


Honey bees control their domestic environment by 
methods based on their habit of clustering together. 


The individual bees of a colony of 
honey bees cluster together in their nest 
position. Within the isolated microcli- 
mate of this cluster, vertical wax combs 
are built and the other domestic ac- 
tivities of the colony proceed. Cluster- 
ing depends on bees attracting one an- 
other by sight, vibration, heat, and the 
odor of the abdominal scent glands. A 
minimum of about 50 bees is necessary 
for a cluster to form at 20°C, though 
smaller numbers will cluster at lower 
temperatures (/, 2). This clustering be- 
havior differentiates honey bees from 
bumble bees and social wasps, which 
either expose their combs to the outside 
environment or build some sort of pro- 
tection round them. 


Cluster Temperatures 


Cluster temperatures in winter were 
measured before the end of the 18th 
century, but the first measurements in 
summer seem to have been made by 
Lammert in Germany in 1894 and by 
Gates in Washington, D.C., in 1908 (3). 
The early workers used mercury ther- 
mometers. Thermocouples are now gen- 
erally used, as they are cheaper and 
smaller and can be used in large num- 
bers. They can be read at a distance, 
so that the colony is not disturbed, and 
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with suitable amplifying and recording 
apparatus they give continuous records. 
Thermocouples have been placed among 
the bees, in small glass tubes perpendic- 
ular to the combs, or in comb founda- 
tion, so that the bees build them into 
the combs (4-6). 

A compact area of comb underneath 
the honey that normally occupies the 
upper and outer regions of the cluster 
is used for breeding—that is, for the 
rearing of bee larvae and _ their 
metamorphosis to adult bees. The tem- 
perature (7) in the middle of the brood 
nest in the summer is normally about 
34° to 35°C, with frequent fluctuations 
of up to 0.5° (3, 8). This is usually the 
hottest part of the colony (apart from 
the bodies of the bees themselves), 
though temperatures up to 39°C have 
been reported where combs are being 
built (3, 4). Temperatures are 3° to 4°C 
lower, and less constant, in the outer 
regions of the brood area, and they go 
down to about 25°C in the broodless 
part of the cluster (8). It has been re- 
ported that the brood-nest temperature 
is steadiest when the cells contain eggs, 
that it becomes more variable as the 
larvae grow; and that it may fluctuate 
by as much.as 4°C when the cells are 
sealed (the pupal stage) (4). 

The brood nest gets cooler in coid 
weather but rarely goes below 30°C, 
though breeding has been recorded at 
temperatures down to about 25°C. The 
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brood-nest temperature can remain 
within a range of 5°C while the out- 
side temperature varies from — 40° to 
+40°C or more, and breeding can 
occur in the coldest winter weather 
(5, 8-11). 

Temperatures as low as 15°C have 
been recorded at the center of clusters 
in colonies without brood in winter, 
but the usual minimum is about 20°C 
(8, 12). Temperatures as low as 4.5°C 
have been recorded among bees at the 
periphery of the cluster (J0, 13), but 
such conditions cannot last long, for in- 
active bees go into chill coma at tem- 
peratures below 8°C (slight acclimatiza- 
tion to low temperatures can occur), 
and, though they might then still remain 
attached to the cluster if undisturbed, 
they would die in a day or two (/4). 
The usual minimum is probably not 
much below 9° to 10°C (9, 11, 12, 15). 
In effect, the bees keep the center of 
their cluster at a constant temperature 
in summer and its periphery above the 
vital minimum in winter. 


Temperature Regulation 


The basic reason for the relatively 
high temperature in the middle of a 
cluster is that bees, like all fast-moving 
insects, have a high metabolic rate. An 
inactive bee at 35°C consumes at least 
1 microliter of oxygen per minute. This, 
relative to body weight, is comparable 
to the oxygen consumption of a man 
doing hard manual work (8, 16). The 
body temperature of an isolated resting 
bee is close to that of its environment 
because it is small and has a propor- 
tionately large cooling surface. When a 
whole colony of 10,000 to 50,000 bees 
are clustered together, their heat is con- 
served, and a substantial difference be- 
tween cluster and outside temperatures 
is inevitable (17). As the metabolism 
of fully grown larvae is comparable 
with that of inactive adults, the brood 
also produces much heat (8). The meta- 
bolic rate of bees depends on their ac- 
tivity; a flying or fanning bee produces 
perhaps 100 times as much heat as a 
resting one (8, 8). 
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The body temperature of mammals is 
controlled by varying the peripheral 
blood circulation and so adjusting heat 
loss; by varying the amount of heat pro- 
duced by muscles; and by cooling from 
the evaporation of sweat. There is no 
doubt that bees also have an active cool- 
ing system that prevents temperature 
from going too high, but it is not certain 
whether temperature is maintained in 
cold weather by increased heat conser- 
vation alone or whether conservation is 
supplemented by increased heat produc- 
tion. 

Control by adjustment of heat loss. 
It may be readily seen that a bee clus- 
ter contracts when the weather is cold 
and expands when it is warm (Fig. 1). 
In winter (at temperatures below about 
5° to 10°C), the cluster’s edge is more 
sharply defined than at other seasons be- 
cause the bees at the surface are chilled 
and so move only sluggishly and cannot 
leave the cluster. The bees that do leave 
the colony to fly on sunny but cold 
days, and those that attack intruders, 
come from warmer regions inside the 
cluster. Their movements raise the 
temperature of the cluster rapidly, and 
this facilitates their exit (6, 8, 19). Bees 
in winter have reserves of food (up to 
40 milligrams) in their honey stomachs 
(20). 

Cluster contraction conserves heat by 
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diminishing the area of cooling surface 
and probably also by diminishing -in- 
ternal convection currents (J0, 21). 
However, the cluster becomes filled 
with combs at its maximum summer 
volume, and subsequent contraction and 
the decline in bee population when 
breeding stops in the autumn leave 
large parts of the combs projecting in 
winter (Fig. 2). The heat loss from 
these “cooling fins” is not diminished by 
cluster contraction (4), and the bees 
minimize it by keeping the cluster large- 
ly on empty combs, which have a much 
lower conductivity than combs filled 
with honey (22). 

Although cluster size and outside 
temperature are directly correlated, the 
relationship in winter is not a rigid one. 
This may show that the bees have a 
wide temperature tolerance, but any 
variations in the activity of the bees 
from nonthermal causes must contrib- 
ute to the scatter of the correlation (/5); 
temperatures at the center of the clus- 
ter often fluctuate sharply by as much 
as 5° to 8°C without any obvious rela- 
tion to environmental factors (/2). The 
sounds produced by a colony after a 
change in temperature (23) show that it 
takes some time for the bees to settle 
down to the new conditions. 

The immediate cause of cluster con- 
traction is probably simply that bees 
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Fig. 1. Cluster diameters of a colony at different environmental temperatures (15). 
1328 


crowd together when they feel cold. 
Their thermal preferences have been 
investigated with a temperature “organ.” 
Bees were put into a chamber of which 
the bottom was a metal bar, of uniform 
cross section, heated at one end and 
cooled at-the other so that there was a 
temperature gradient along it. The pre- 
ferred temperature region was taken to 
be the one where the bees came to rest. 
Very young bees in summer chose the 
temperature region of about 35°C; 
older bees preferred a temperature 
range of from 31° to 36°C. Lower tem- 
peratures were preferred in winter. 
Suitable acclimatization caused the bees 
to select the region of 28°C (24). Other 
factors also influence preference; in an 
observation hive where combs with 
brood had been put in positions away 
from the center of the cluster, bees were 
denser and the temperature was higher, 


usually by 3° to 4°C, over the brood ' 


than elsewhere. In contrast, tempera- 
tures at the center of the cluster were 
about as high without brood as with it. 

Undisturbed colonies killed with hy- 
drogen cyanide have shown that the 
winter cluster is divided roughly into 
an outer shell of closely packed bees 
and an inner core where the bees have 
room to move (//). It has been calcu- 
lated that contraction of such a struc- 
ture in cold weather to maintain a con- 
stant temperature at the periphery 
would increase the temperature at the 
center (25). Such an inverse relation- 
ship has sometimes been observed be- 
tween temperatures at the center of the 
cluster and daily changes in outside 
temperature, but not with changes over 
longer periods (8). If a drop in outside 
temperature does at first produce a rise 
in temperature in the middle of the 
cluster, this rise is evidently not main- 
tained, and some more slowly acting 
mechanism must operate when the low 
outside temperature persists. This other 
factor may be an increase in the density 
of packing of the bees in the outer 
regions of the cluster. If the contact 
between the bees’ bodies increases as 
the cluster contracts, the thermal con- 
ductivity of the outer layer will increase 
(27) and heat will then pass through 
more easily, warming the outer bees 
and cooling the inner ones. A simple 
explanation of this could be that cold 
bees on the outside push inwards and 
hot bees on the inside push outwards, 
thus compressing the shell of bees till 
enough heat is transmitted to produce 
the observed effect. The characteristic 
head-inwards position of bees at the 
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Fig. 2. A small colony of bees in winter. 
The cluster of bees is closely contracted 
and covers only a small area of the 
combs. The outer bees have their heads 
inward. (The combs are built into movable 
wooden frames that can be handled by 
the beekeeper.) 


outside of a winter cluster (Fig. 2) sup- 
ports the idea that they are pushing in- 
wards. 

Control by varying heat production. 
Whereas there is clearly some degree of 
temperature control through adjustment 
of heat loss, the evidence for control 
through adjustment of heat production 
is less satisfactory, though some people 
have assumed that the latter is the only 
method used to counteract low tempera- 
tures and have even calculated the 
amounts of food that colonies should 
consume at various outside tempera- 
tures and in hives with various meas- 
ured thermal permeabilities (3, 4, 6). 

It is now established that there is a 
temperature somewhere between 15° 
and 20°C at which inactive bees, indi- 
vidually exposed, have a maximum 
metabolic rate. At this temperature 
their metabolic rate is probably four to 
five times the rate at 35°C. At lower 
temperatures the metabolic rate de- 
creases; at the temperature of the cluster 
surface in winter, the metabolic rate is 
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less than it is at 35°C, and at still lower 
temperatures it decreases rapidly (/6). 
These conclusions, based on respirome- 
ter measurements with single bees, are 
open to the objection that an increase 
in rate of respiration in cooled bees may 
result from their struggling to escape to 
find other bees to cluster with, and that 
no such increase would be shown by 
bees in a cluster. However, the res- 
pirometer results have been confirmed 
for the temperature region between 
17° and 35°C by measurements of the 
food consumption and temperatures of 
groups of bees small enough to have 
much the same temperature throughout 
their clusters (2) (Figs. 3 and 4). 

In winter, the temperature for maxi- 
mum metabolic rate usually lies in a 
zone between the center and _ the 
periphery of the cluster. Whether this 
zone moves inwards or outwards or 
merely stays in the same place when 
outside temperatures go down, and 


. whether there is any change in the num- 


ber of bees exposed to the temperature 
at which metabolic rate is highest, can- 
not be discovered from existing tem- 
perature measurements and is probably 
not deducible theoretically. It would 
seem to be to the advantage of the 
colony that metabolic rate should in- 
crease only when the limit of control by 
heat conservation is reached—that is, 
at very low outside temperatures or 
with very small colonies—but the find- 
ing that there is a temperature at which 
individual bees have maximum meta- 
bolic rate does not of itself show that 
this is what happens. The answer can 
only come from experiments with 
whole colonies. 

Evidence of inverse relationships be- 
tween cluster temperatures and outside 
temperatures has been held to provide 
evidence of control through adjustment 
of heat production, on the unwarranted 
assumption that a rise in cluster-center 
temperature must indicate increased 
heat production, and vice versa. A 
second fallacious assumption has been 
that, because the center of a cluster is 
hotter than the periphery, the bees at 
the center must be producing more heat 
than those further out. So long as the 
bees in the center are producing any 
heat at all, they must continually lose 
heat to the outer bees to remain at a 
steady temperature, and as heat can 
only pass from a hotter region to a 
colder one, the inner bees must be hot- 
ter than the outer ones. 

Movements of bees seen in the center 
of a colony in winter, clustered against 


glass, have been interpreted as special 
heat-producing activity to counteract 
low outside temperatures (6), but similar 
movements can be seen in a heated ob- 
servation hive in summer, when extra 
heat production would not be needed. 
However, failure to see special heat- 
producing movements does not prove 
there is no mechanism producing addi- 
tional heat, because heat could be gen- 
erated by opposing muscular tensions 
without any visible movement except 
that of more frequent breathing. 
Records of the amount of food con- 
sumed by colonies in winter (estimated 
by loss in weight) usually fail to show 
any definite correlation with outside 
temperature because other factors in- 
fluence weight loss. The few records 
that do appear to be significant (/0) 
suggest that low temperatures decrease 
rather than increase food consumption. 


Fig. 3. A method of measuring the food 
consumption of a small cluster of bees (2). 
The feeder in the center contains sugar 
syrup; that on the right, water. The ther- 
mometer measures the temperature of the 
cluster. The whole apparatus is exposed to 
a series of environmental temperatures. 
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A measurement of the carbon dioxide 
evolved by a whole colony at different 
temperatures led to a similar conclu- 
sion. Comparisons of the winter weight 
losses of colonies in insulated hives, or 
in hives in bee houses or cellars, with 
losses of colonies in sing!e-walled hives 
outside have given contradictory results. 
As this kind of protection from cold 
also diminishes temperature fluctua- 
tions, the protected colonies may eat 
less because they are less disturbed (8). 

Colonies in North America, whether 
in insulated hives or not, seem to require 
at least four times as much winter food 
as colonies in Germany (J/, 26), but 
this is probably because the strains of 
bee and the methods of management 
preferred in America produce larger 
colonies and much more autumn and 
winter brood. 

The available evidence (J0, 12, 27) 
seems to show that the difference be- 
tween the temperature outside a hive 
and the temperature inside it, but out- 
side the cluster of bees, is greatest when 
outside temperatures are low. If this is 
so, it is probably the only current evi- 
dence of increased metabolic rate at 
low temperatures for whole colonies. 
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Active Cooling 


When outside temperatures approach 
levels necessary for domestic activity 
in the colony, the bees do not need to 
cluster to conserve heat, but they can- 
not spread apart indefinitely, as cer- 
tain minimum densities are required for 
feeding the brood, building the comb, 
storing honey, and so on. These ag- 
gregations could cause excessively high 
temperatures if cluster expansion were 
the only means of preventing overheat- 
ing. In fact, colonies have been sub- 
jected experimentally to temperatures 
as high as 50°C without their cluster 
temperatures exceeding about 38°C, so 
long as their cooling mechanism could 
function (5, 8).. 

Excessively high temperatures are 
prevented by rapid exchange of air be- 
tween the cluster and the outside, by 
chains of bees fanning with their wings, 
and by watery material evaporated on 
the bees’ mouth parts and on comb sur- 
faces (5, 28, 29). Nectar to be concen- 
trated is exposed in the same way (8). 
Water evaporation is a response to high 
temperature and not to low relative 
humidity. Water for cooling is collected 
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Fig. 4. Food consumption of bees at different temperatures, as measured by the method 


shown in Fig. 3. 
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by foraging bees. A high sugar concen- 
tration in the food that is constantly 
being passed from bee to bee in the 
colony stimulates the collection of 
water. Thus, collection of water is in- 
duced by water shortage resulting from 
evaporation and not directly by high 
temperature. When a colony is supplied 
with dyed water, the material exposed 
for evaporation is colored, so it must 
come, at least in part, from the bees’ 
honey stomachs. Water in the honey 
stomach probably always contains some 
sugar, as bees cannot live long without 
food. There is no clear demarcation 
between water collection and evapora- 
tion and nectar collection and concen- 
tration. Colonies that are overheated 
or have been unable to collect water 
for several days prefer dilute to con- 
centrated nectar (29). Colonies given 
colored water produce colored honey. 

Fanning to cool or ventilate the 
cluster (ventilation fanning) must be 
distinguished from the kind of fanning 
in which the abdominal scent glands 
afe open, which is part of the mecha- 
nism of colony cohesion and orienta- 
tion (communicative fanning). German 
writers call the former fdcheln and the 
latter sterzeln. Rather surprisingly, it is 
always communicative fanning that is 
induced by blowing smoke into a 
colony. 

In ventilation fanning, Apis mellifera 
usually drives air away from the cluster; 
A. cerana drives air towards it (30). In 
an observation hive, chains of bees all 
fanning in the same direction seem to 
form only outside the cluster. Bees fan- 
ning inside the cluster seem to do so 
more or less at random; sometimes two 
bees can be seen fanning head to head 
in opposite directions. Presumably such 
bees accelerate the escape of gases pro- 


duced in the cluster simply by dispers- [ 


ing local accumulations. 

Ventilation fanning has been induced 
experimentally by overheating colon- 
ies (5, 8,28). It is also much in evi- 
dence when nectar is being concen- 
trated, when the stimulus is probably 
high humidity. High temperature in- 
duces exposure of water to evapora- 
tion, so it may cause fanning indirectly. 


Cluster Humidity 


Humidity in a hive but outside the 


cluster of bees can be measured withf 


an ordinary hair hygrograph (8) of 
psychrometer (4), but within the cluster, 
particularly in winter, it is measurable 
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Fig. 5. Apparatus for measuring the dew 
point in a cluster of bees (9). Only a por- 
tion of the glass tubes is shown; their 
total length is about 23 centimeters. A, 
viewing tube; B, metal thimble cemented 


to glass tube with Polythene; D, thermo-’ 


couple soldered to the back of a metal 
mirror C; E, part of a perforated zinc 
screen to exclude bees and provide the 
image seen in the mirror when no dew is 
present; F, light bulb; G, tube for air to 
vaporize ether; H, ether level before 
evaporation. [Actual size] 


only with apparatus that takes up little 
space and gives an accurate reading 
with a small volume of air. A micro- 
dewpoint apparatus with the mirror sur- 
face viewed through a tube leading out 
of the cluster (see Fig. 5), a miniature 
hair hygrograph (31), and a thermo- 
electric aspiration psychrometer that 
uses only 30 milliliters of air (5) have 
been used. 

In summer, at times when little water 
or nectar is being evaporated, the 
partial pressure of water vapor in the 
cluster may be only 3 to 4 mm-Hg 
above that of the outside air and may 
vary by less than 1 mm in different 
parts of the cluster. Under these cir- 
cumstances the relative humidity varies 
with the temperature and is lowest in 
the brood area, where 40 to 50 percent 
has been recorded. At the other ex- 
treme, brood-nest relative humidities 
up to 70 percent have been recorded in 
an overheated colony where water was 
exposed to evaporation, and humidities 
up to 100 percent have been recorded 
in such a colony when the only aperture 
was a single bottom entrance (4, 5). 
Absolute humidity outside is positively 
correlated with temperature and is 
necessarily low in winter. Colonies kept 
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in heated rooms in cold winter weather 
can have abnormally low relative hu- 
midities in the cluster (20 percent or 
less), and desiccation of larvae may 
prevent them from rearing brood. 

In a colony kept outside in winter, 
the tight cluster hinders the escape of 
water vapor. An average partial pres- 
sure of 15 mm in the middle of the 
cluster has been recorded when the 
average outside was 7 mm. Cluster tem- 
peratures ranged from 20° to 30°C, 
giving relative humidities from about 
85 to 50 percent. Brood reared in 
winter is protected from desiccation by 
dense clustering and low brood-nest 
temperature. The absolute humidity at 
the center of a winter cluster is well 
above the saturation level at the tem- 
perature of the cluster surface, but con- 
densation rarely occurs in or near the 
cluster (9). Among the bees at the 
periphery of the cluster, partial pres- 
sures of water vapor seem to be close 
to those outside. Measurements (3/) 
have shown 5 to 10 mm. Evidently 
there is a gradient of absolute humidity 
somewhere between the center of the 
cluster and the surface, and water vapor 
escapes by diffusion rather than by a 
through current of air. The fanning 
often heard in a winter cluster presum- 
ably keeps the absolute humidity fairly 
uniform throughout the loose central 
region, making conditions there like 
those in a summer cluster. 

Cluster humidity is physiologically 
important to adult bees in winter as 
well as to brood at all times. Honey 
bees do not normally discharge their 
rectal contents in the nest, and when 
they are confined to the cluster by cold, 
they cannot obtain water should they 
require it,-or discharge outside any sur- 
plus they accumulate. Forced discharge 
of rectal contents in the nest (“bee 
dysentery”) can kill a colony. Surviving 
long periods of confinement, therefore, 
depends on a balance between water 
production from metabolism of food 
and water loss by evaporation from the 
bees’ bodies. The balance is made pos- 
sible by the dryness (15 to 20 percent 
moisture) of the winter food (honey). 

Experiments with bees in a humidity 
“organ” analogous to the temperature 
organ showed some response to varia- 
tion in humidity but no definite prefer- 
ences (32).. Apart from possible fanning 
at high humidities there is little evidence 
that a colony actively controls its hu- 
midity, though tight clustering in cold 
weather and water evaporation in hot 
weather tend to stabilize it. 


Carbon Dioxide and Oxygen 


The carbon dioxide concentration in 
samples of air withdrawn (through 
tubing of 1-millimeter bore) from vari- 
ous points in a cluster.in summer has 
been estimated (28). The average was 
about 0.7 percent (by volume), and the 
maximum, 1.0 percent (2.3 percent in 
an observation hive). Up to 3 percent 
has been found (33) in summer and up 
to 6 percent in winter (34). A deduction 
from humidity measurements (9) and 
the proportion of carbon dioxide to 
water vapor produced by metabolism 
gives about 4 percent in winter, on the 
assumption that both gases leave the 
cluster by diffusion. Strong ventilation 
fanning has been obtained by artificial- 
ly raising the carbon dioxide concen- 
tration to about 3.5 percent in summer, 
but the significance of this is doubtful 
as the fanning continued for some time 
after the carbon-dioxide concentration 
had returned to the original level (28, 
33). The causes of ventilation fanning 
need to be investigated further. 

Control of carbon dioxide or oxygen 
concentration may unnecessary 
under natural conditions. Isolated bees 
do not visibly react to carbon dioxide 
concentrations of less than 10 percent 
or to oxygen concentrations of more 
than 7 percent (35). 


Influence of Nest Cavity on 
Cluster Environment 


Apis dorsata and Apis florea, the 
species of honey bee that nest entirely 
in the open and -build a single comb 
suspended from a branch of a tree or 
other suitable overhanging surface, are 
confined to the tropics. Apis cerana of 
Asia and Apis mellifera of Europe and 
Africa, which are used by beekeepers 
and have subspecies adapted to tem- 
perate regions, build numerous paral- 
lel combs and normally nest in an 
enclosed space such as a hollow tree, a 
rock cavity, or some structure made by 
man. After swarming, however, they 
usually cluster temporarily on a branch 
of a tree and occasionally stay there 
and build combs. In favorable condi- 
tions, such a colony can live for some 
time; if protected from rain and preda- 
tors, it might even survive a winter 
(1). 

A colony in a cavity is sheltered 
from rain and direct solar radiation and 
needs only to guard the openings of the 
cavity to keep out predators and robber 
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bees. Provision for security against 
robbers facilitates extensive storage of 
honey, as the cluster can move off filled 
areas of comb and extend the combs 
elsewhere. Ventilation of the colony is 
influenced by the nature of the cavity, 
the number and position of its openings, 
and the amount of space the cluster oc- 
cupies. In a cavity with both upper and 
lower openings (for example, a hive 
with a bottom entrance and a ventila- 
tion hole at the top), air may pass up- 
ward by convection, or downward 
when bees are fanning at the bottom 
entrance. Air flows of 0.17 liter per 
second, by convection, and of 0.40 to 
1.00 liter per second, by fanning, have 
been observed through such a hive (28). 
Air can flow through the cavity more 
easily when there is space between the 
cluster and the walls than when it must 
all go through the cluster. Some ex- 
change by convection can occur when 
there is only a top aperture but not 
when there is only a bottom one. With 
a single aperture, wind and fanning can 
only increase ventilation by causing 
turbulence in the hive; air entering at 
one part of the entrance to replace air 
sucked out by fanning at another must 
take the shortest distance between the 
points of entry and exit (36). A fall 
in pressure of 2 mm of paraffin has 
been recorded when bees were fan- 
ning over the full width of the bottom 
entrance of an otherwise tightly sealed 
hive (28). Active ventilation of a cavity 
with a single entrance can be produced 
by bees fanning inside. In an observa- 
tion hive with a long glass-covered en- 
trance tunnel, chains of bees fanning 
round the inside of the hive outside the 
cluster, and parallel chains fanning in 
opposite directions in the entrance tun- 
nel, have been seen. 

The amount of thermal protection 
provided by the walls of the nest cavity 
has been much debated. Close contact 
with walls of low thermal conductivity 
may decrease cooling from part of the 
cluster surface and so make possible the 
formation of a larger cluster; also, for 
a given thickness of wall, the larger the 
cavity the larger its cooling surface 
must be. Thus, in spring, when brood 
rearing is limited by cluster size, breed- 
ing may be more rapid in a small cavity. 
One observer (4) has reported frequent 
temperature fluctuations of up to 6°C 
in the brood nest of a colony with much 
unoccupied space in its hive, but no- 
body else seems to have noticed any- 
thing of the kind; probably a colony 
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can control its cluster temperature: ef- 
fectively in a cavity of any size. 

It has been said (//) that in winter 
the temperature inside a hive but out- 
side the cluster of bees is close to the 
temperature outside the hive (except 
after sudden changes in outside tem- 
perature). This may well be true if the 
hive entrance is big enough, and par- 
ticularly if there is also a ventilator or 
an additional entrance at the top, but 
with small entrances and heavy insula- 
tion, differences as great as 25°C have 
been observed at very low outside tem- 
peratures (8, 10). Insulation in com- 
bination with entrance restriction can 
probably raise hive temperatures enough 
to have a substantial effect on heat loss 
from the cool outside surface of the 
cluster. There is some evidence (37) 
that, in very cold winter climates, the 
number of colonies that die because the 
bees cannot move to fresh food after 
emptying the combs within their reach 
is decreased by hive insulation. 

Thermal protection may have disad- 
vantages, however. By retarding pene- 
tration of heat during a sudden rise in 
outside temperature (38), it increases 
the likelihood that moisture will con- 
dense in the nest cavity and decreases 
the chance that the bees will get warm 
enough to fly to discharge their rectal 
contents. Both of these effects promote 
“dysentery,” and condensation produces 
mouldy combs (39). However, as the 
bees produce about 5 times the amount 
of heat required to vaporize the amount 
of water they put out, under steady out- 
side conditions condensation is not in- 
creased by restricting ventilation, so 
long as the proportion of heat passing 
through the walls of the nest cavity is 
negligible. Thus, insulation diminishes 
the amount of ventilation necessary or 
effective for decreasing condensation 
(4). The relative importance of these 
two ways in which thermal protection 
can influence the water metabolism of 
a colony seems not to have been: as- 
sessed. 

Where winters are cold, the advan- 
tages of thermal protection may out- 
weigh the disadvantages, particularly 
as a moderate rise from a very low tem- 
perature can give little increase in 
absolute humidity or opportunity for 
flight. Where winters are mild, easy 
entry for heat may be more important. 
Experiments (39) indicate that when 
insulation is minimal very free venti- 
lation is necessary to avoid condensa- 
tion. Bees indigenous to the mountain- 


ous regions of the Caucasus, where win- 
ters are very cold, contract the en- 
trances of their nests with propolis in 
the autumn, and bees of western Europe 
do not. This may be an adaptation to 
climatic conditions. 


Conclusion 


Colonies of honey bees can keep the 
temperature of their cluster within 
fairly narrow limits over a wide range 
of outside temperatures. High tempera- 
tures are avoided by fanning and evap- 
oration of water. Control at low tem- 
peratures depends at least partly on the 
adjustment of heat loss by expansion 
and contraction of the cluster. The ex- 
tent, if any, to which heat production is 
increased is still uncertain. 

Little is known about whether the 
humidity and carbon dioxide content 
of the atmosphere of the cluster are 
controlled independently of tempera- 
ture. The mechanism of temperature 
control also largely stabilizes humidity. 
The stimuli causing ventilation fanning 
need to be investigated further. 

A nest cavity with walls of low 
thermal permeability and_ restricted 
ventilation may give a colony useful 
protection at very low winter tempera- 
tures, but this thermal protection also 
has disadvantages. In mild winters, poor 
ventilation can be dangerous. 
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Data Processing by 


Optical Coincidence 


This unconventional use of punched cards provides 
a flexible and rapid means for hand tabulation. 


John D. Campbell and Herbert S. Caron 


The task of evaluating data is com- 
mon to all sciences. Sometimes this 
problem can be readily solved, but 
when a study embraces more than a 
few variables, examination of the in- 
terrelationships between them poses 
technical difficulties. Even though we 
are working in an age of high-speed 
computers, there is a need for further 
development of readily available proc- 
essing methods that will permit flex- 
ibility in analysis. Such flexibility facil- 
itates the development, reformulation, 
and rapid follow-up of hypotheses. The 
present article offers one such tech- 
nique, a method for storing data and 
obtaining cross tabulations. Among its 
specific advantages are the following: 
(i) convenience—there is no reliance 
on complex and bulky nachines typical 
of central-office installations; time-con- 
suming communications with processing 
personnel and the wait for return of 
data are eliminated; (ii) flexibility— 
the storage provides the equivalent of 
an IBM card with an infinite number 
of columns, and in subsequent process- 
ing, complex multivariate tables can 
be constructed with ease; (iii) speed— 
the method is faster than other hand- 
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operated procedures for data tabula- 
tion; (iv) accuracy—simplicity of 
operation permits easy and frequent 
checks; (v) economy—economy of ef- 
fort has already been mentioned; the 
economy of the technique in dollars 
and cents is equally striking. For ex- 
ample, in one application of this pro- 
cedure, an outlay of approximately one 
dollar would enable the research 
worker to set up shop. 

The method departs from procedures 
conventionally employed. Ordinarily 
the individual or the case serves as the 
basic conceptual entity—the central 
unit about which observations are col- 
lected. In the behavioral sciences, for 
example, we ask questions of the in- 
dividual, we measure his responses, we 
observe his behavior (1). Having col- 
lected the data on a case-by-case basis, 
we then typically store it in the same 
fashion. The interview schedule, the 
case file, or other data constitute a 
record that may be preserved intact or 
may be evaluated in a variety of ways. 
When the research worker begins to 
summarize data on a considerable num- 
ber of persons, he may for purposes of 
data processing set up a code sheet for 
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each person included in a study, and 
may enter suitably coded information 
on each individual on one or more 
punched cards. Thus, in conventional 
procedures the unit for data collection, 
the individual, remains the unit for 
data storage. 

The alternative method, with which 
we have been experimenting, employs 
as a basic principle one that has been 
profitably used in some bibliographic 
and indexing work in recent years (2). 
As used in indexing, the system inverts 
conventional procedures by using con- 
ceptual categories, rather than docu- 
ments, as the units for storage. All 
documents are assigned code numbers, 
and concept cards (as opposed to docu- 
ment cards) are used for recording, in 
writing or by punched position, all 
documents pertaining to the concepts 
in question. Thus, to identify all docu- 
ments which contain information in all 
of several specific concept areas, the 
appropriate concept cards are selected 
and the document numbers that appear 
on all the cards selected are obtained 
(3). 

In applying this system to data 
analysis we use punched cards as a 
medium for storage, but again the 
system differs from conventional pro- 
cedures, for the storage system is or- 
ganized in terms of coded character- 
istics (“male,” “female,” “only child,” 
“first born,” “later bora,” and so on) 
rather than of individuals. There is a 
card for each characteristic, and each 
individual is assigned the same position 
on every card. If a given characteristic 
is associated with a particular individ- 
ual, a punch is made in his specified 
position on the card for that character- 
istic. To illustrate, Card A in Fig. 1 has 


Dr. Campbell is a research social psychologist 
with the Laboratory of Socio-environmental 
Studies, National Institute of Mental Health, 
Bethesda, Md. Dr. Caron is affiliated with 
Western Reserve University and Crile Veterans 
Administration Hospital, Cleveland, Ohio. 


1333 


yin- 
en- 
in 
ope 
1 to 


numbered positions for 28 individuals. 
Punches have been made in 12 of these 
positions (including position number 
21 which identifies Charlie Brown)— 
an indication that the characteristic, 
“male,” is associated with each of the 
12 individuals. Similarly, card B shows 
that nine of the 28 individuals are in 
the “only child” category. (Since 
Charlie Brown is not an only child, 
no punch has been made in position 
21.) To determine the number of males 
who are only children, one  super- 
imposes card A on card B, as shown 
in Fig. 1 (bottom). Only in cases in 
which the individual’s position has been 
punched on both cards (cards for 
“male” and “only child”) will perfora- 
tions coincide when card A is super- 
imposed on card B. The number of 
such instances of coincidence can then 
be determined visually. In Fig. 1, there 
are five perforations common to the 
two cards; this number represents the 
total for one cell of the 2- by 3-cell 
table which relates sex and birth order. 
Completion of a tabular analysis relat- 
ing these two variables (or “dimen- 
sions”) then becomes a matter of 
selecting all of the category cards for 


the two dimensions and systematically 
pairing them, successively superimpos- 
ing each category card for one dimen- 
sion on every category card of the 
other, and counting the number of per- 
forations common to each such pair. 
In this fashion the frequencies for 
each of the six cells of the table relat- 
ing sex and birth order may be obtained. 

These are the essential elements of 
the system. The more detailed exposi- 
tion that follows describes procedural 
details that have proven effective in our 
exploration of the possibilities of this 
approach. 


Input 


Code sheets. Storage of data is ac- 
complished by punching holes on cate- 
gory cards. For ease of processing it 
is convenient to record data on code 
sheets prior to punching. Since the data 
are about individuals, we code on an 
individual-by-individual basis. But the 
organization of the code sheets dis- 
cussed below facilitates subsequent 
punching on a dimension-by-dimension 
basis. 


child 
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Fig. 1. Cards for optical coincidence detection. 


The code sheet best adapted for this 
system may be conceived of as a co- 
ordinate system, in which each one of 
I rows identifies an individual for whom 
data are recorded, and each one of k 
columns ‘identifies a dimension (vari- 
able or attribute) on which data are 
obtained. Figure 2 shows a fragment of 
such a code sheet. In the left-hand 
column are the case identification num- 
bers, usually (but not necessarily) 
sequentially assigned. The column 
headings, AJ, BI, C1, and so on, are 
the code labels for specific dimensions 
to be recorded. 

Typically, entry of information on 
the code sheet proceeds in a case-by- 
case fashion. Thus, the appropriately 
coded information on the person to 
whom code number 1 has been assigned 
is entered in row 1: His code on dimen- 
sion Al is recorded in row 1, column 
Al; similarly, the code for this indi- 
vidual for dimension Bl would be 
entered in row 1, column BJ; and so 
on. And in the same fashion the in- 
formation on the second individual is 
entered in the second row; information 
on the i-th individual, in the i-th row. 

Unless one is working with a very 
small sample and a restricted number 
of variables, the number of individuals 
for whom data are to be recorded will 
exceed the number of rows on a single 
tabular sheet, and the number of di- 
mensions with which the investigator 
is concerned will be greater than the 
number of columns. It is, however, a 
simple matter to “extend” the size of 
the coding matrix by adding additional 
sheets, which can be conveniently and 
compactly assembled in a_looseleaf 
binder. 

Four advantages of this procedure 
are worth noting. (i) Even before cards 
are punched, a visual inspection of the 
appropriate columns of the coordinate 
code sheets can provide a quick initial 
impression of the nature of the rela- 
tionship between any variables. 
(ii) Use of a coordinate system for re- 
cording data can effect an appreciable 
reduction in storage space over that 
required by a procedure in which a 
single code sheet is used for each in- 
dividual. (For example, on a coordinate 
code sheet consisting of 30 rows and 20 
dimension columns plus a case-identifi- 
cation column, one could record 80 
different types of information on 300 
individuals on a total of 40 sheets. This 
is in marked contrast to the 300 code 
sheets that would be required if a code 
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sheet were used for each individual.) 
(iii) Coordinate code sheets have a 
flexibility that is not found in indi- 
vidual code sheets. The same coordi- 
nate sheets that permit subsequent 
storage of punched-card data according 
to the dimension-by-dimension pattern 
described here may, if they are re- 
ordered, readily be used in conventional 
case-by-case storage of punched-card 
data. (iv) Coodinate code sheets con- 
stitute an “open system.” Not only ad- 
ditional individuals but also additional 
variables may easily be added by the 
research worker at any stage of the 
research process. 

Punching equipment. Once the data 
have been recorded on code sheets, the 
process of storing information on the 
cards may begin. The system requires 
a means for precisely locating punch- 
ing positions and a convenient method 
for punching. 

The stub-pencil researcher can as- 
semble all the materials he needs for 
punching at a relatively low cost. To 
set up this procedure on the least ex- 
pensive basis possible, one would need 
to purchase a simple conductor’s punch 
and a number of file cards of an ap- 
propriate size. A 5- by 8-inch file card 
can readily handle a couple of hundred 
cases. Such file cards do not at the 
outset have precisely placed punching 
positions defined on their surface. Two 
ways of meeting this problem are sug- 
gested. One might print (by accurate 
stencil duplication or other means) a 
suitable grid for punching on each card. 
Alternatively, one might identify and 
punch every position on a master card 
and then use this card as a template 
in subsequent punching. 

More expensive, but at the same 
time more convenient and able to ac- 
commodate a larger number of cases, 
are cards and punches devised for 
conventional data-processing applica- 
tions. Though these were designed for 
use with typical individual-by-individual 
input, they can be effectively employed 
in the dimension-by-dimension appli- 
cation of the techniques under discus- 
sion. The Sperry-Rand Corporation 
markets a special hand punch and a 
card for use in connection with it. This 
card could accommodate up to 540 
cases. Other inexpensive commercial 
punching equipment consists of the 
IBM Port-A-Punch board and the cards 
used with it. The card, identical in size 
to the conventional IBM card, has 480 
punching positions prescored on it. It 
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Fig. 2. Coordinate code sheet. 


is slipped into the punching board, and 
then a stylus, resembling a mechanical 
pencil, is used to push out the bits 
of cardboard and make the holes. 

Principles of data storage. No matter 
what the exact nature of the card and 
punching equipment, the basic prin- 
ciples of information storage by this 
method remain the same. Each card 
has a fixed number of positions on it. 
A single specified position is assigned 
to each individual for whom data have 
been obtained. The location of the 
position assigned to an individual on 
one card is identical to the postion 
assigned to him on every other card 
(4). Thus, if in the fourth column of 
a card the fifth punching position is 
assigned to the individual who has the 
code number 45, the fifth punching 
positions in the fourth columns of all 
other cards in the deck similarly “be- 
long” to that individual—whether they 
are punched or not. (A procedure is 
described below that permits one to 
use this feature of fixed position to con- 
siderable advantage in subsequent data 
analysis. ) 

Punching of a given dimension re- 
quires as many cards as there are 
coded categories in the dimension. For 
example, in a study of child rearing, 
the dimension “sex of oldest child” 
(if no twins are included in the sample) 
would require two cards—‘“male” and 
“female”; the dimension “number of 
children in family” might be handled 
by four cards—‘one child,” “two chil- 
dren,” “three children,” and “four or 
more children.” Each card is labeled 
with designations of both the dimen- 
sion and the specific category. These 
labels may, of course, either be record- 
ed in full or be written in suitably en- 
coded form. The latter method has 
the dual advantage of being more 
rapid and of simplifying subsequent 
filing. 

In practice, several alternative pro- 


cedures may be used to locate and 
name each punching position: (i) num- 
bers may be printed on the cards to 
identify the positions; (ii) columnar and 
row designations may be printed on 
the surface of each card, and the posi- 
tion may be identified by a grid co- 
ordinate reading; (iii) one card may 
be set up as a template with labeled 
positions as a guide in punching. 

Card punching. The punching opera- 
tion is a simple one. The category cards 
for a given dimension are set up, and 
punching on the first-category card pro- 
ceeds. The punch operator reads down 
the column containing code entries for 
the dimension in question, and each 
time the first category appears he 
punches the category card in the posi- 
tion assigned to the case number as- 
sociated with the particular row on the 
code sheet in which the entry occurs. 
The punching of each additional cate- 
gory card necessitates a rescanning of 
the appropriate dimension column of 
the code sheet (5). 

An alternative method that readily 
suggests itself, of course, is one in 
which the operator follows down a 
column only once and, shifting back 
and forth between category cards, 
punches the coded entry for each in- 
dividual in the natural sequence of 
progression down the column. In our 
own experiments with input proce- 
dures we have tended to reject this 
method for three principal reasons: 
It does not permit positive reliability 
checks as readily as the first method: 
in actual operation it takes more time 
than the first method; and it does not 
facilitate combining of categories as 
an integral part of initial punching (a 
procedure described below). 

For a variety of reasons one might 
wish to combine categories in certain 
subsequent analyses. For example, 
such pooling might be considered when 
the frequency of cases in one or more 
categories is small, or when utilization 
of some scale analysis procedures might 
be facilitated by such combination. 
With “optical coincidence” procedures, 
combining categories is a process that 
can be incorporated in the initial 
punching routine with minimum effort. 
In addition to the specific category 
cards, one sets up combination cards. 
To return to a previous example, that 
of punching for the dimension “num- 
ber of children in family,” we might, 
for some phases of our analysis, want 
to reduce this dimension to two cate- 
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gories: “one child” and “two or more 
children.” The latter category would 
then be indicated on an additional com- 
bination card. Then, in the punching 
operation the combination card would 
be placed in position behind the “two 
children” card while that category was 
punched. Next it would be aligned for 
punching with the “three children” 
card and finally with the “four or more 
children” card. Combining categories 
in this fashion is an economical pro- 
cedure; in this case, for instance, we 
obtain four cards for the punching 
price of three. 

If categories of a coded dimension 
are mutually exclusive, one may build 
in a positive and complete check of 
reliability of the punching operation. 
This is a logical extension of the proc- 
ess of combining categories. Required 
for such a check are a pre-punched 
master card (a card in which holes 
have been punched in each position 
for every individual actually included 
in the study) and an initially un- 
punched “total-check” card. The total- 
check card is aligned. behind the first 
category card for the given dimension, 
and punching is accomplished in the 
same fashion as in combining cate- 
gories. On completion of first-category 
punching, the total-check card is 
placed behind the second category card 
and punching continues. After data for 
all categories have been punched in 
this fashion, the check card should 
then contain perforations in every loca- 
tion assigned to an individual included 
in the study. 

One may now make two checks. (i) 
The total-check card is superimposed 
on the pre-punched master card. If, on 
inspection, all perforations in the two 
cards are found to correspond, then 
no case has been omitted in punching. 
(ii) Specific category cards are then 
paired with one another, and in this 
case coincidence of perforations indi- 
cates erroneous punching. Any errors 
detected in this fashion can be corrected 
by reinserting one of the punched-out 
bits or by otherwise masking the er- 
roneous punch. After checks have 
been completed, a count of all perfora- 
tions in each category card is recorded 
on its surface. This recorded informa- 
tion is then always available as a check 
on marginal frequencies in subsequent 
tabulations. When appropriate checks 
have been made, the cards, identified 
by dimension and category, may be 
filed until they are needed for subse- 
quent tabulations (6). 
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Output 


To obtain tabular information by 
means of the system, described is a 
simple process which we have found 
to be more rapid than other hand- 
manipulated procedures. Further, in 
our experience, we have found it to be 
frequently preferable to central-office 
data processing. 

“Readout” is always accomplished 
by superimposing appropriate cards. 
No special equipment is needed, but 
a card alignment board is both a con- 
venience and a timesaver. It makes 
precise superimposition of cards an 
automatic process. The alignment board 
may consist merely of a piece of heavy 
cardboard or hardboard, slightly larger 
than the card, and of two card-align- 
ment strips, one located at the bottom 
edge, the other at one side of the board. 
A board with a dark surface is desir- 
able for contrast with the light cards. 
Or one could construct a more elab- 
orate viewbox with a light shining 
through a translucent panel on which 
the cards would be placed. If the IBM 
Port-A-Punch is used for input, the 
board also serves adequately for read- 
out purposes. 

Obtaining information on “straight 
runs” (simple marginal frequencies for 
all variables) requires almost literally 
no work at all. The procedure for stor- 
ing information essentially amounts to 
a pre-sorting of all cases for every 
dimension for which data are recorded. 
Hence, the recorded frequencies of per- 
forations on the cards for the various 
categories of the dimensions in ques- 
tion provide the desired information 
on marginal frequencies. From an in- 
spection of such frequencies the re- 
search worker may, on occasion, de- 
cide that for subsequent analyses cer- 
tain data categories for a given dimen- 
sion should be combined. This can be 
done by superimposing, in turn, on a 
combination card each category card 
pertaining to the new pooled category 
and making corresponding — perfora- 
tions on the combination card. 

Simple cross tabulations of two di- 
mensions are easily and quickly ef- 
fected. First one sets up the format of 
the table on tabular paper and selects 
from the file all category cards for the 
two dimensions that are being related 
to one another. One then superimposes 
the first-category card of the first 
dimension on the first-category card of 
the second dimension and counts the 
number of instances in which the per- 


forations on the two cards coincide. This 
count is then entered in the appropriate 
cell of the table. The first-category 
card of the first dimension is next 
paired with cards for each other cate- 
gory of the second dimension, and 
these counts are recorded in the ap- 
propriate cells. The table is completed 
by following the same procedure with 
the succeeding categories of the first 
dimension. After entries for all the 
cells of the table have been obtained 
in this way, column and row marginal 
totals are obtained, and these totals for 
each category are checked against the 
totals recorded on each category card 
of the two dimensions employed in the 
table. Illustrative of the speed with 
which such cross tabulations can be 
made is the fact that the total time 
required to count and record the in- 
formation in a 5- by 5-cell table for 
relating general sociometric data on 
264 children at two different points in 
time was less than four minutes; all of 
the “equipment” needed for this tabu- 
lar operation can be readily placed in 
one’s coat pocket. 

Complex cross tabulations with three 
or more variables are simply the logical 
extension of the two-dimensional tabu- 
lations described above. One sets up 
the desired tabular format on paper, 
selects the necessary dimension cards 
from the file, stacks the category cards 
defining a particular cell together, and 
then counts the perforations common 
to the several cards. (In a three-dimen- 
sional table, for example, cards are 
stacked together three at a time, one 
category card from each dimension.) 
One similarly determines every other 
cell entry for the table by stacking the 
appropriate cards and then making a 
count of the number of coinciding per- 
forations. After entries have been made 
in all the cells, the routine marginal 
check can quickly be made. It is worth 
noting that in a 3- by 3- by 3- by 3- 
cell table—that is, an 8l-cell table— 
only 12 different cards are used in the 
total cross tabulation, and the number 
of separate “stacks” of cards used by 
the tabulator is much smaller than 
would be the case with any conven- 
tional method of hand sorting. 

In addition, by observing the coin- 
cidence of perforations in the several 
superimposed cards one may directly 
identify, from position numbers, indi- 
viduals with a particular combination 
of characteristics. Such identification 
can prove useful in deviant case 
analysis. 


SCIENCE, VOL. 133 


i 
P 
c 
Pp 
0 
a 
fc 
ti 
PI 
Te 
se 
fi 
(i 
fe 
us 
2¢ 
ar 
ca 
ca 
in 
to 
tic 
Sa 
As 
th 
ap 
: pa 
ce 
ab 
cai 
mi 
co 


sted 
vith 
first 
the 
ined 
inal 
for 
the 
card 
the 
with 
1 be 
time 
> in- 
» for 
on 
its in 
ill of 
tabu- 
ed in 


three 
gical 
tabu- 
ts up 
Daper, 
cards 
cards 
r, and 
mmon 
limen- 
is are 
one 
nsion.) 
other 


ng the 
king a 
1g per- 
1 made 
arginal 
worth 
table— 
in the 
number 
ised by 
r than 
conven- 


coin- 
several 
directly 
rs, indi- 
bination 
ification 
nt case 


VOL. 133 


Short Cuts and Timesavers 


In our explorations of the usefulness 
of the procedures described above, two 
techniques have proven to be effective 
timesavers in the data-analysis process: 
(i) the use of code numbers for indi- 
viduals as a means of preclassifying 
them with respect to one or more 
variables that will play a major role 
in subsequent analyses, and (ii) a 
technique for obtaining data for sev- 
eral tables “simultaneously” in a way 
that reduces the amount of card manip- 
ulation necessary. 

Preclassification by position. In data 
processing by optical coincidence each 
individual is assigned the same position 
on each card. The assignment of such 
positions could be based on any one of 
several schemes. For example, positions 
could be assigned alphabetically, or in 
numerical sequence according to the 
chronological order in which data on 
individuals were obtained, or in a com- 
pletely random fashion. An alternative 
procedure, in which designation of 
position is deliberately related to rele- 
vant research variables, can materially 
speed the subsequent tabulation process. 

If the investigator plans to include 
one or two fundamental variables in 
a large number of his tabulations, he 
may designate specific areas of the card 
for each category of these variables. 
This may be described as preclassifica- 
tion by position. Thus, if one were 
primarily interested in examining the 
relation between maternal age and a 
series of other variables, the preclassi- 
fication procedure could be as follows. 
(i) Determine the total number of dif- 
ferent maternal age classifications to be 
used (for example, “under 20,” “20- 
24,” “25-29,” “30-34,” “35-39,” “40 
and over”). (ii) Assign to each of these 
categories a region of the card. For 
example, one might simply divide the 
card into six fields, each field consist- 
ing of a sufficient number of columns 
to permit the assignment of one posi- 
tion to each individual included in the 
sample who falls in that age field. (iii) 
Assign code numbers in such a way 
that a given sequence of code numbers 
applies to a given field, identifying a 
particular age classification. (iv) Pro- 
ceed with input procedures as described 
above. The information stored on each 
category card would thus be auto- 
matically preclassified by age. 

The advantage of this procedure be- 
comes readily apparent when we con- 
sider output. Let us assume that we 
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want to study the way in which re- 
sponses to a series of questions about 
child development are related to ma- 
ternal age. If we break a five-category 
classification of “mother’s affectional 
warmth toward child” according to 
“age of mother,” our end product is a 
5- by 6-cell table. If we use the optical- 
coincidence procedure without pre- 
classification we have to manipulate 11 
cards (six for age and five for affec- 
tional warmth) in 30 separate pairings. 
In marked contrast to this, however, 
the employment of preclassification 
coding procedures on one dimension, 
“age of mother,” permits us to read off 
entries for the table directly simply by 
making the appropriate age-field counts 
on each of the five “affectional warmth” 
cards. Similar economy (a sixfold re- 
duction in card manipulation) would of 
course be obtained in every instance 
in which age was one of the variables 
on which the tabulation was based. 

This principle can readily be ex- 
tended to two-dimensional preclassifi- 
cation. Thus, if both age of mother and 
sex of oldest child are variables of prin- 
cipal interest, we may use a “grid” ap- 
proach in which age fields are defined 
vertically and fields for sex of oldest 
child horizontally. It is even possible 
to preclassify for three or more vari- 
ables, but in some applications this 
may become cumbersome. 

It should be noted that preclassifica- 
tion in no way limits the data-tabulat- 
ing procedures. Thus, in the example 
just described the following operations 
are possible: (i) examination of the re- 
lationship of age of mother to one or 
more additional variables; (ii) exam- 
ination of the relationship of sex of 
oldest child to one or more additional 
variables; (iii) examination of the way 
in which both age of mother and sex 
of oldest child relate to one or more 
additional variables; and (iv) examina- 
tion of the relationship between any 
other variables studied (the role of 
mother’s age and sex of child being 
ignored). 

The greatest output saving, of course, 
would result when preclassification 
variables are related to one or more 
additional variables. Thus, if six dif- 
ferent maternal-age categories and two 
categories for sex of oldest child serve 
as the basis for establishing the pre- 
coding grid, a 12-fold saving in card 
manipulation is effected for any anal- 
ysis in which these two variables are 
simultaneously related to one or more 
additional variables. 


Careful thought should be given to 
the selection of variables for preclassi- 
fication, since it is not convenient to 
change plans once the input procedures 
are begun. One cannot readily change, 
of course, because the basic require- 
ment of this method is that a fixed 
position for each individual be retained 
on all storage cards, so that all relevant 
cards in the set may be used for read- 
out. 

“Simultaneous” tables. When one 
variable is  cross-tabulated against 
another by means of the procedure 
described above, the minimum total 
number of manipulations of category 
cards is equal to the number of cards 
in the variable that has the smaller 
number of categories, plus the product 
of the number of cards in one variable 
and the number of cards in the other. 
Thus, in obtaining the information for 
a 4- by 4-cell table, 20 individual ma- 
nipulations are required. If many tables 
are to be run in which one particular 
variable is cross-tabulated against each 
of a series of other variables, it is pos- 
sible to keep the total number of ma- 
nipulations of the category cards of the 
first variable to one for each such card. 
For example, let us assume that we 
wish to relate the working status of 
mothers to the following seven dimen- 
sions, seriatim: socioeconomic status, 
age, race, number of children in the 
family, age of youngest child, husband’s 
occupation, and mother’s score on a 
parental attitude scale. If we had three 
categories of maternal employment 
status (full-time employment, part- 
time employment, and no employment 
outside the home), and if we completed 
each table relating maternal occupa- 
tional status to a second variable be- 
fore proceeding to another table, each 
category card for maternal occupational 
status would have to be manipulated 
seven times, for a total of 21 card ma- 
nipulations for this variable. If, how- 
ever, we take the first-category card 
for maternal employment status and 
successively pair it with each of the 
category cards for all of the other 
variables being cross-tabulated, we can 
complete one column in each of the 
seven tables described with only one 
manipulation of the first-category card 
for maternal employment status. This 
same procedure would, of course, be 
followed with the other two cards for 
maternal employment status, with some 
over-all saving of time. 

We have described a simple type of 
data processing that differs markedly 
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from many other procedures, machine- 
or hand-operated. The economy and 
convenience of the method make it, in 
our estimation, superior in some cases 
both to other hand-processing methods 
and to punched-card operations that 
rely on central-office machine installa- 
tions. Speed and flexibility are its major 
advantages. It has, of course, some 
limitations: punching by hand is slower 
than punching by conventional ma- 
chine methods, and cards can accom- 
modate only a limited number of cases. 
These drawbacks are in many instances 
more than outweighed by the ad- 
vantages. The individual research 
worker looking for  in-almost-any- 
pocket convenience at in-almost-any- 
pocketbook price may well wish to con- 
sider this method as a means for solving 
his data-processing problem. 


References and Notes 


1. Although the illustrative examples in this 
article are drawn from the behavioral sci- 
ences, the general technique is equally ap- 
plicable to any situation in which an in- 
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have been used in a similar fashion for med- 
ical diagnosis. Each tablet referred to a single 
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was present. A comparison of symptom tab- 
lets would presumably have enabled the an- 
cient medic to reach an appropriate diagnosis. 
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Behavioral Thermoregulation 


Behavior is a remarkably sensitive mechanism 
in the regulation of body temperature. 


Bernard Weiss and Victor G. Laties 


Behavior is one of the fundamental 
mechanisms by which organisms regu- 
late body temperature. But, although 
one can point to numerous illustrations 
of its importance, quantitative data on 
the role of behavior in thermoregula- 
tion are rare. Among these are Kinder’s 
findings on nest building in rats. Em- 
ploying a technique originally developed 
by Richter, she showed that as the am- 
bient temperature fell, rats increased the 
amount of paper that they used for 
nest building (J, 2). 

In this article we discuss a recent 
series of studies (3) on how behavior 
contributes to the regulation of body 
temperature. The major aim of these 
studies was to specify the relation be- 
tween body temperature and a response 
which provided an exteroceptive source 
of heat. 


The authors hold joint appointments in the 
department of medicine (Division of Clinical 
Pharmacology) and the department of pharma- 
cology and experimental therapeutics, Johns Hop- 
kins University School of Medicine, Baltimore. 
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The apparatus employed is illustrated 
in Fig. 1 (4). It consists of a Plexiglas 
cylinder containing a plastic lever at- 
tached to a telegraph key. The red- 
bulb infrared heat lamp above the 
chamber goes on for a few seconds on 
certain occasions when the rat presses 
the lever. 

The duration of the burst of heat 
from the lamp is varied by a timer, 
and the intensity is varied by a variable 
transformer. The chambers are located 
in a refrigerated room, the temperature 
of which can be controlled to within 
1°C. The apparatus that is used to auto- 
matically record and program the 
relevant events is located in an adjoin- 
ing room. 

The fur of the rats used in these ex- 
periments was removed by clipping be- 
fore a session. This procedure makes it 
impossible for the rat to maintain a 
normal body temperature at the en- 
vironmental temperatures used in the 
experiments. 


[Reported in Proceedings of the. International 
Study Conference on Classification for Infor- 
mation Retrieval (Aslib, London; Pergamon, 
New York, 1957), p. 106.] 


4. That there is an upper limit to the number of 


positions on a card restricts the utility of this 
method for very large samples, but anyone 
working with a sample of 400 or less would 
encounter no difficulties on this score. For 
studies in which the size of the sample ex- 
ceeds the number of cases that can be ac- 
commodated on a card, the investigator may 
set up additional sets of cards. For example, 
if two sets of cards were needed, entries for 
every table would in effect be obtained by 
adding corresponding cell entries of two sep- 
arate tables. There are, of course, limitations 
to this method of expanding the system’s ca- 
pacity. 

. Although the punching operation in this 
method of data processing is slower than con- 
ventional procedures in which equipment such 
as an IBM key punch is used, input is prob- 
ably at least as rapid as that of any method 
that does not require a major piece of hard- 
ware for punching purposes. 

6. When the categories are not mutually exclusive 
—that is, when a punch for an individual may 
be made in more than one category—relia- 
bility checks are more problematic (this is also 
the case with conventional data-storage meth- 
ods). The total-check-card method is, how- 
ever, still applicable. 


Initiation 


After a rat with no experience in this 
situation is put into a chamber, it typi- 
cally spends the first few minutes ex- 
ploring its surroundings. During this 
time it occasionally strikes the lever 
with enough force to close the con- 
tacts on the key. This event turns on 
the heat lamp for several seconds. After 
this initial flurry of responses the rat 
usually spends most of the next few 
hours merely huddling and shivering. 
Only occasional responses are made 
during this time. At some point during 
the session the rat suddenly begins to 
press the lever at a steady and substan- 
tial rate, which it maintains for many 
hours. 

Why does the rat’s behavior change 
so swiftly? It is known that the tempera- 
ture of a furless rat put into a cold en- 
vironment undergoes a progressive fall. 
Perhaps body temperature has to de- 
scend to a certain critical point before 
the burst of heat from the heat lamp 
becomes reinforcing. 

One can test this hypothesis by ex- 
posing the rat to cold before putting it 
into the chamber. Such an experiment 
was performed with 14 pairs of rats. 
One member of the pair, randomly 
selected, was put into a wire-mesh cage 
in the cold room after being clipped. 
Its partner was kept at room tempera- 
ture. Five hours later, both rats were 
put into test chambers and exposed for 
16 hours to a cold-room temperature of 
2°C. The heat lamp was set to 250 
watts, and each reinforcement (burst of 
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heat) lasted two seconds. This com- 
bination produces a transient tempera- 
ture rise at the skin surface of about 
3°C. Each time the lever was pressed 
while the lamp was off, the lamp came 
on. Lever presses made while the lamp 
was on had no effect. 

Rats that had been exposed to nor- 
mal room temperature before being 
placed in the test chambers waited a 
mean of 5.16 hours before starting to 
work for heat at a steady rate. But rats 
that had spent the immediately pre- 
ceding five hours in the cold waited only 
a mean of 2.04 hours (t = 2.40, df = 
13, p < .05). It appears, therefore, that 
precooled rats start pressing earlier for 
heat than rats that have not been pre- 
cooled, presumably because they begin 
the experiment with a lower body tem- 
perature. 

Two other studies supported the hy- 
pothesis that the critical variable was a 
drop in body temperature. In one, the, 
relation between thyroid state and ther- 
moregulatory behavior was examined 
(5). It was found that thyroidecto- 
mized rats started to work for heat 
much earlier during a 16-hour session 
at 2°C than controls that had under- 
gone a sham operation. This was at- 
tributed to the fact that hypothyroid 
animals lose heat more rapidly in the 
cold than normal animals (6). 

The other source of support for the 
hypothesis came from an experiment 
on cold acclimatization (7). Although 
animals acclimatized to cold show 
numerous structural and biochemical 
changes, perhaps the most dramatic dif- 
ference between acclimatized and nor- 
mal rats lies in their resistance to cold 
after their fur has been removed. Rats 
that have not been acclimatized die at 
low temperatures; acclimatized rats sur- 
vive, presumably because their body 
temperature does not fall to lethal lev- 
els (8). If the length of the latency 
(the period before the rats begin to 
work at a steady rate for heat) is a 
function of the rate at which body tem- 
perature falls in the cold, then acclima- 
tized rats should wait longer than nor- 
mal rats to begin pressing. They do. 
There was a considerable difference, 
with very little overlap, between two 
groups of eight animals each, one of 
which had lived about a month at 2°C 
while the other had been kept at room 
temperature (25°C). 

Despite the evidence favoring the 
view that a fall in body temperature is 
the most important factor leading to a 
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steady reinforcement rate, concrete evi- 
dence in support of this view was lack- 
ing. It was essential to measure body 
temperature at the same time that the 
rat was working for heat. 

Some preliminary work showed that 
core temperature changes too slowly, 
even in an organism as small as the rat, 
to be sensitive to individual reinforce- 
ments. Skin temperature, although quite 
responsive to individual reinforcements, 
was rather labile. Subcutaneous tem- 
perature also responded to individual 
reinforcements, but not as transiently 
as skin temperature. A technique was 
therefore developed for recording the 
subcutaneous temperature of a rat mov- 
ing freely about the experimental cham- 
ber. A plastic tube attached to a plastic 
Luer connector is inserted under the 


skin on the back and tied to the supra- 
spinous ligament. A purse-string suture 
is then drawn around a Lucite washer 
cemented to the tube, and the Luer 
connector is left projecting from the 
rat’s back. When a rat’s temperature is 
being recorded, a thermocouple (cop- 
per-constantan) cemented to a mated 
Luer connector is inserted in the tube, 
and the Luer fittings are pressed to- 
gether. The thermocouple leads to a 
Minneapolis-Honeywell temperature re- 
corder in another room. 

In the next experiment two ques- 
tions were examined. One was the re- 
lation between body temperature and 
the point at which the rat began to work 
for heat. The other was the relation be- 
tween these variables in successive ses- 
sions. Each of five rats underwent three 


Fig. 1. The heat reinforcement apparatus. Depressing the lever closes a switch that 


activates the heat lamp. 
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16-hour sessions spaced a week or two 
apart. The cold room was. set at 2°C, 
and the heat lamp, at 250 watts. Each 
reinforcement lasted two seconds, the 
heat lamp coming on whenever the lever 
was pressed while the lamp was off. 
The mean subcutaneous temperature 
at the start of the session was about 
35°C for all three sessions. Figure 2 
shows records from the first session. 
For each of the rats except rat NN-N, 
the figure shows the temperature and 


reinforcement records for the first hour 
in the chamber and for the hour before 
and after the start of consistent respond- 
ing. The upper tracing represents sub- 
cutaneous temperature, and the lower 
represents reinforcements as recorded 
on a cumulative recorder. Because the 
latency for rat NN-N is unusually 
short, all of the first 180 minutes of the 
session are shown for this rat. Just why 
rat NN-WN started pressing so early is 
difficult to say. This may be related to 
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Fig. 2. Parallel records of subcutaneous temperature and reinforcements for all five 
rats on their first session. Records at left, temperature and reinforcements during the 
first hour in the cold. Top four records at right, temperature and reinforcements during 
the hour preceding and the hour following the initiation of steady lever pressing. 
Record at the bottom (rat NN-N), temperature and reinforcements during the entire 
first three hours, shown because of the short latency. Also shown for each rat in the 
records at right is the latency (in minutes) to the initiation of steady lever pressing. 
Reinforcements were recorded cumulatively, the recording pen resetting to the base 


line every 15 minutes. 
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the fact that the rat’s initial temperature 
(33.2°C) was the lowest in the group, 

Subcutaneous temperature declines 
from the time the rat is placed in the 
chamber until it begins to work steadily 
for heat. Then, as shown in Fig. 2, sub- 
cutaneous temperature rises when the 
rat begins to respond. The transition 
from a near-zero reinforcement rate to 
a steady and substantial one occurs so 
abruptly that it looks practically instan- 
taneous on the records. Once the rat 
begins to obtain reinforcements at a 
steady rate, the temperature climbs rap- 
idly to the level that is maintained for 
the rest of the 16-hour session. 

The data in Fig. 2 are from experi- 
mentally naive rats. Does the same se- 
quence of events appear in rats already 
experienced in the situation? Figure 3 
shows, for the same five rats and for 
three successive sessions, the amount 
of fall in subcutaneous temperature be- 
tween the time the rat was placed in the 
chamber and the time it began to ob- 
tain reinforcements at a steady rate. The 
mean fall in temperature was 8.20°C 
for the first session, 3.68°C for the sec- 
ond, and 4.64°C for the third. An analy- 
sis of variance showed that differences 
among sessions were significant at the 
.05 level; the main contribution to this 
result is the difference between the first 
session and the two later sessions. It 
appears, therefore, that once the rat has 
had experience in this situation, a fall in 
temperature considerably less than the 
fall required in the first session initiates 
responding. What other factors con- 
tribute to the change in latency is a 
still unanswered question. 


Maintenance 


The peripheral event that seems most 
closely related to the initiation of a 
steady rate of working for heat is a 
drop in peripheral temperature. Another 
question is, what keeps a rat working 
for heat? In particular, what governs 
the rate at which it obtains reinforce- 
ments? 

Since the rat survives, the reinforce- 
ment rate must be governed in part by 
the body temperature; otherwise, the 
rat would succumb to the cold or burn 
its skin. An interesting deduction fol- 
lows. If the amount of heat per rein- 
forcement increases, the rate should de- 


_crease; if the amount of heat per rein- 


forcement decreases, the rate should in- 
crease. In a recent series of studies (9) 
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the amount of heat per reinforcement 
was varied in two ways: by varying 
the intensity of the heat lamp and by 
varying the length of time that it re- 
mained on. We discuss here only the 
data obtained by intensity variation, 
since both methods of varying the 
amount of heat per reinforcement give 
the same results. 

Six different intensity settings were 
selected for the experiment: 125, 175, 
225, 275, 325, and 375 watts. Figure 4 
shows the transient rises in skin and 
subcutaneous temperature produced in 
an anesthetized rat by 2-second bursts 
of heat with different settings of the 
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Fig. 3. Amount of fall in subcutaneous 
temperature before the initiation of a 
Steady rate of working for heat. Data for 
three successive sessions are shown. Open 
circles, individual rats; solid circles, the 
means, 
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lamp. The cold room was maintained 
at 2°C. After a rat was put into the 
chamber, we waited until it had been 
responding steadily for at least 30 min- 
utes. Then, according to a randomly 
determined sequence, it was switched 
from one intensity setting to another 
every 30 minutes. A dozen rats took 
part in this study. 
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Fig. 4. Transient changes in skin tem- 
perature and subcutaneous temperature 
produced by 2-second bursts of heat with 
the intensities shown. The subject was an 
anesthetized rat. 
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Pooling the data from all 12 of the 
rats used in the experiment produced 
a monotonic function between 125 and 
375 watts; the greater the intensity, the 
lower the reinforcement rate. The cum- 
ulative records showed that the change 
in rate following a change in intensity 
took place at once. But, as Fig. 5 shows, 
five of the individual curves reverse 
either at 125 or at 175 watts. Three of 
the seven rats that did not show a re- 
versal were run at a reinforcement in- 
tensity of 75 watts. All three then re- 
sponded less than they had at higher in- 
tensities. One interpretation of this 
lowered rate of response is that the low 
intensities are not adequate reinforcers, 
so that extinction of the lever-pressing 
response begins to occur. This interpre- 
tation is strengthened by the fact that 
at the lower intensities there were often 
alternating periods of responding at high 
rates and of no responding at all. Such 
behavior is also characteristic of inade- 
quate food reinforcement (J0). 

Once the technique for recording 
temperature in the freely moving rat 
had been developed, an obvious appli- 
cation was to perform another experi- 
ment on intensity variation. Four inten- 
sities were selected: 155, 205, 260, and 
310 watts. According to measurements 
on an anesthetized rat (see Fig. 4), sin- 
gle 2-second bursts of heat at these 
intensities produced transient rises in 
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Fig. 5. Number of reinforcements obtained in a 30-minute period at intensity settings 
of 125, 175, 225, 275, 325, and 375 watts. The data are plotted individually for each 
rat. The left end of the curve represents 125 watts; the right end, 375 watts. Rats 2-1, 
4-NN, 3-1, and 0-1 were also run at an intensity setting of 75 watts. These points are 
not connected to the remainder of the function. 
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skin temperature of 1°,2°,3°, and 4°C. 

The performance of each of eight 
trained rats was recorded at each in- 
tensity for two hours. Figure 6 shows 
the mean subcutaneous temperature 
maintained during this two-hour ses- 
sion. The three highest intensity rein- 
forcements led to higher temperatures 
than the lowest intensity. An analysis 
of variance indicated that the tempera- 
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Fig. 6. Mean subcutaneous temperature 
maintained during a 2-hour period as a 
function of heat-lamp setting. This setting 
is given in terms of the rise in skin temper- 
ature, in degrees centigrade, produced 
by an individual reinforcement. Open cir- 
cles, individual rats; solid circles, the 
means. These data were obtained by cal- 
culating the mean temperature during 24 
5-minute segments of the 2-hour experi- 
mental period. The temperature represented 
by the open circles is the grand mean for 
each rat for the entire 2-hour period. 


ture differences for the four intensities 
were significant at the .05 level, but 
only the differences between tempera- 
tures at the lowest intensity and tem- 
peratures at the other intensities were 
significant according to f tests. 

This finding is similar to that dis- 
played in Fig. 5—namely, a dispro- 
portionately low increase in reinforce- 
ment rate to compensate for the de- 
cline in reinforcement intensity when 
the latter falls below about 175 watts. 
The function obtained by connecting 
the mean values, however, does not re- 
flect the performance of all the sub- 
jects. Four rats (half the group) showed 
no temperature difference as a func- 
tion of heat-lamp setting. The other 
four showed a considerable dip at the 
lowest setting. There was a good deal 
of consistency in the temperature val- 
ues for individual rats. The animal with 
the lowest temperature at the lowest 
intensity setting also had the lowest 
temperature at the three higher set- 
tings. The four rats that maintained the 
lowest temperatures at the lowest in- 
tensity also maintained the lowest tem- 
peratures at the next two highest in- 
tensities. At the highest intensity there 
was more overlap, but the two highest 
temperatures were maintained by rats 
from the top half of the group, while 
the two lowest temperatures were main- 
tained by rats from the bottom half of 
the group. 

The temperature records in Fig. 7 
represent the first hour of each 2-hour 
session at the four different intensity 
settings of the heat lamp used in this 
experiment. Rat A is the animal desig- 
nated in Fig. 6 by the second circle 
from the bottom at a heat-lamp setting 
of 1°C rise per reinforcement. This rat 
maintained a relatively low temperature 
at this reinforcement setting. At the 
higher reinforcement settings, however, 
he maintained a peripheral temperature 
close to the normal value. Rat B is des- 
ignated in Fig. 6 by the topmost circle 
at a setting of 1°C rise per reinforce- 
ment. That is, he maintained the highest 
subcutaneous temperature of the group 
at this heat-lamp setting. Note the sta- 
bility of the temperature tracing, and 
note how relatively little variation there 
is as a function of reinforcement inten- 
sity. These records illustrate the main 
finding of this experiment: that rats ad- 
just reinforcement rate in accordance 
with reinforcement intensity to produce 
the end result of a constant peripheral 
temperature. 


Metabolic Variables 


The tendency of rats to compensate 
for variations in the intensity parameter 
by variations in reinforcement rate and 
the stability with which they maintain 
peripheral temperature by such behavior 
suggest that the heat-reinforcement tech- 
nique might be useful for studying met- 
abolic variables. That is, if we inter- 
fere with or enhance the rat’s ability to 
produce heat, would we find compensa- 
tory changes in behavior? 

In some earlier experiments one of 
us found that starved and underfed rats 
responded more often than control rats 
to obtain heat reinforcement (J//). 
Hamilton varied the technique by al- | 
lowing the rats to determine the dura- 
tion of the reinforcement (/2). He 
found that food-deprived animals kept 
the lamp on for a greater portion of a 
session than controls did. Carlton and 
Marks (/3) found that cold-exposed 
rats that had suffered weight loss turned 
on a hot-air blower in the cold more 
frequently than control rats did. And, 
studying a quite different kind of be- 
havior, Kinder (2) found that rats de- 
prived of food increased their nest- 
building activity. There seems little 
doubt that the disturbance of heat bal- 
ance produced by starvation and weight 
loss is reflected in compensatory be- 
havior. 

A higher proportion of rats fed a 
diet deficient in the vitamin pantothenic 
acid die in the cold than rats fed an ade- 
quate diet. The former also press a 
lever at a higher rate for heat reinforce- 
ment than the latter (/1). It seems 
likely that this is another example of 
how the inability to maintain body tem- 
perature in the cold is reflected in overt 
behavioral thermoregulation. 

Our most complete data on metabolic 
state and thermoregulatory behavior 
come from a series of studies on thyroid 
function (5). It was stated above that 
hypothyroid rats begin to respond ear- 
lier during a session than euthyroid 
rats, presumably because their body 
temperature falls more rapidly. Hypo- 
thyroid rats also seek reinforcements 
at a higher rate than euthyroid rats once 
they begin to work steadily for heat. 
Part of the difference, at least, results 
from the fact that rats with intact thy- 
roids pause more frequently during the 
session than hypothyroid rats; the hy- 
pothyroid rats work at the task with 
greater constancy. 

One can counteract the deficit in heat 
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production that accompanies hypothy- 
roidism by administering a thyroid hor- 
mone. In one experiment we were able 
to produce a fall in the frequency of 
heat reinforcements sought by thyroid- 
ectomized rats by administering the 
thyroid hormone 3,5,3’-1-triiodothy- 
ronine via their drinking water. The 
fall was great enough, in fact, to carry 
the rate below that of their intact con- 
trols. 

With the present system, then, meta- 
bolic variables that influence the heat- 
production capacity of the rat are re- 
flected in the rate at which it works for 
heat. 


Basis of Thermoregulatory Behavior 


The experiments under discussion 
were directed toward the question of 
how behavior contributes to the regula- 
tion of body temperature. Two aspects 
of this question were considered: the 
factors that lead to the initiation of 
thermoregulatory behavior and the fac- 
tors that maintain it. 


25 


By correlating subcutaneous tempera- 
ture with the behavior of pressing a 
lever for brief bursts of heat, we were 
able to show that the rat’s behavior in 
the situation we have described results 
in a fairly constant peripheral tempera- 
ture. The very precision with which the 
rat regulates this temperature poses a 
problem. Why does a large drop in body 
temperature seem necessary to initiate 
responding, while much smaller fluc- 
tuations govern reinforcement rate once 
a substantial rate of responding is estab- 
lished? 

One reasonable possibility is that 
when the rat is first placed in the cold, 
lever pressing must compete with other 
responses elicited by the cold, such as 
shivering and huddling. When shivering 
and huddling can no longer avert a 
further decline in temperature, they may 
then be replaced by gross motor ac- 
tivity. When such activity accidentally 
results in depression of the lever, the 
burst of heat from the heat lamp pro- 
duces such a profound change that it 
is quickly followed by other presses. 
A sudden onset of responding also ap- 


pears when food, rather than heat, is 
the reinforcement (/4). 

A more general question may also be 
asked. What do these data demonstrate 
about the way in which behavior fits 
into the pattern of regulatory processes 
that sustain life? 

In most of the experiments set up to 
answer such questions, factors that con- 
tro} eating and drinking have been stud- 
ied—to determine, for example, whether 
an animal can compensate for a diet 
deficient in a particular substance by 
the appropriate selection of nutrients. 
Such studies have demonstrated that 
under many conditions animals do vary 
ingestive behavior to compensate for 
deficiency states. But in numerous in- 
stances they do not. Perhaps the reason 
for the substantial proportion of fail- 
ures in experiments on eating and drink- 
ing is the long chain of processes that 
intervene between behavior and the ul- 
timate effect. By contrast, the effect of 
heat is practically instantaneous. This 
is probably the reason why behavior 
seems so exquisitely attuned to the regu- 
lation of body temperature. 
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Fig. 7. Records of subcutaneous temperature for two rats at the four different heat-lamp settings noted. Only the record for the first 
hour of each 2-hour session is shown. These rats belong to the group of Fig. 6 (see text). 
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Science in the News 


| The Test Ban: The Russians 
Now Say That the Inspection 
System Is Only “Symbolic” 


The negotiations at Geneva have 
reached a critical point, and the out- 
look is dim. It is still barely conceivable 
that the recent Soviet attitude is mere- 
ly a bluff. But this hope, rather wide- 
spread when the first signs of a hard- 
ening of the Russian line appeared, has 
steadily lost ground. 

We offered a number of concessions: 
a reduction of the number of detection 
sites on Russian soil, a longer extension 
of the unpoliced moratorium on small 
tests, a willingness to let the Russians 
inspect the devices we would use for the 
testing program, and several others. For 
a time the argument was made that the 
apparent lack of Soviet interest in 
§ these concessions was merely a little 
tactical bluffing, and that they would, 
in due time, come up with counterpro- 
posals of their own. But hopes of this 
sort have all but disappeared in the 
light of the continued lack of interest 
of Tsarapkin, the chief Soviet nego- 
tiator, and by the recent attitude of 
Khrushchev as reflected in his inter- 
views with Llewellyn Thompson, our 
ambassador to Moscow, and with Wal- 
ter Lippmann. 

The Soviet attitude shows most clear- 
ly in the demand that the previously 
s agreed to administrative control by a 
neutral be replaced by a tripartite ad- 
ministration, representing East, West, 
and neutral views, with unanimous 
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agreement required for any affirmative 
action. In effect, this means that the 
Russians would have the right to veto 
any particular proposed inspection. 


Nondetecting Detection 


Under such circumstances the value 
of the inspection system as a deterrent 
to clandestine testing becomes almost 
nonexistent, and the Russian delegate, 
according to reports leaking out of the 
meetings, has frankly taken the position 
that the detection system, and the in- 
spections, will not really be intended 
to deter cheating, but will be only “sym- 
bolic” moves reflecting the good in- 
tentions of the treaty signers. If this 
view is accepted, it follows that the 
detection system should be as unelab- 
orate as possible, since there is obvious- 
ly no point in wasting a lot of money 
setting up a detection system which 
is not intended to detect anything. 

There is no chance of a treaty’s being 
signed so long as the Russians insist on 
the right to veto any inspection. What- 
ever might be said about the wisdom of 
continuing the present de facto ban on 
testing, nothing can be said for formal- 
izing this ban, which in effect would 
abandon the position agreed to until 
now by everyone, including the Rus- 
sians, that disarmament agreements 
should be accompanied by a reasonable 
inspection system to deter cheating. This 
is what provoked the President’s re- 
mark at his press conference that “it 
is quite obvious that the Senate would 
not accept such a treaty, nor would I 
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send it to the Senate, because the in- 
spection system [based on the right of 
each nation to veto any inspection that 
might prove embarrassing] would not 
provide any guarantees at all.” 

The common view is that the Rus- 
sians have now decided that the ad- 
vantages of a test ban are not alone 
sufficient to overcome their distaste for 
inspection, and that they now feel the 
treaty is worth considering only as part 
of a larger scheme of disarmament 
proposals. 

This leaves the Administration with 
the problem of what to do about the 
de facto ban. The public attitude of 
the Administration, again as expressed 
at Kennedy’s press conference, is that 
“if there is any chance at all of getting 
an agreement on a cessation of nuclear 
tests, regardless of what appear to be 
the obstacles, I think we should press 
on... [I still believe that Mr. Dean 
[the chief American negotiator] should 
continue to work at Geneva.” 


Administration’s Dilemma 


It may be that the Administration 
would consider giving in to the Soviet 
view, and allow the Geneva talks to 
drag on another 6 months, and then be 
merged with the general disarmament 
talks which are expected to be under- 
way then. But there are strong pres- 
sures against this course. Last week, 
after unfolding the Anglo-American po- 
sition gradually since the talks resumed 
on 21 March, the Western negotiators 
placed before the Russians the full text 
of a draft treaty we were prepared to 
sign. We have now laid all our cards on 
the table, and there is nothing more of 
an affirmative nature that we can do. 
The Russians have showed no interest 
at all in the Western concessions. 
(“Much ado about nothing,” Tsarapkin 
has told the press.) Their principal re- 
sponse, the demand for a veto, rather 
than being a counteroffer, is a retreat 
from a position they had earlier ac- 
cepted. 

The original 


“gentlemen’s agree- 
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ment” in 1958 to stop all tests has 
now dragged far beyond its original 
l-year duration, and the position of 
both the old and new Administrations 
has all along been that the unpoliced 
[ moratorium will be permitted to run 
only as long as there seems to be a 
realistic chance of reaching a formal 
treaty. The Administration must now 
decide, in the face of what has happened 
in Geneva, whether to tacitly admit that 
Sits warnings about resuming testing if 
the Russians did not show they were 
serious about the negotiations was 
nothing more than empty talk. 

This raises the problem of how, if a 
decision to resume underground test- 
ing is made, it is to be presented to 
the rest of the world, or alternatively, 
if the de facto moratorium on testing 
is to be continued, how this is to be 
explained to the critics, inside and out- 
side Congress. These critics have been 
persuaded to accept relatively quietly 
the continued extension of the un- 
policed ban this long only on the as- 
surance that testing would be resumed 
once it had become clear that the 
Russians were not interested in serious 
negotiations. 


Unpleasant Decision 


Whatever the decision, and it is likely 
to be made quite soon, it will be a 
difficult one for the Administration, 
and will subject the Administration to a 
great deal of criticism. 

We have never, in so many words, 
§ explicitly said we would resume weapon 
testing if the negotiations were to fail. 
There have been rather explicit state- 
ments about undertaking nonmilitary 
experiments, either for improving de- 
tection systems or for exploring the 
peaceful uses of nuclear explosions, 
msuch as the proposal to use such an 
explosion to create an artificial harbor 
Min Alaska. 

But it is unclear whether a resump- 
tion of testing for nonmilitary purposes 
jwould do much to soften the certain 
displeasure of the neutralist nations. It 
Will not be difficult, and probably not 
even inaccurate, for the Russians to 
@tell the rest of the world that any 
resumption of testing would, in fact, 
be a resumption of some phase of 
i) Weapon testing, regardless of whatever 
incidental purposes it might serve. 
The result of whatever decision is 
= made is bound to be unhappy. But the 
alternative of simply letting things drag 
Hon aimlessly at Geneva, although per- 
haps easier, seems at least as dismal. 
—H.M. 


28 APRIL 1961 


News Notes 


The Krebiozen Trial 


The Krebiozen trial in Chicago has 
been called off until the fall. The case 
has substantial implications for the sci- 
entific community at large, since it in- 
volves the question of how severely a 
scientist can criticize the work of a fel- 
low scientist without opening himself to 
a libel suit. 

Krebiozen is a drug purported to be 
effective against cancer, which, so far, 
has won little scientific support outside 
the small circle of its sponsors. One of 
the sponsors, Andrew C. Ivy, head of 
the department of clinical sciences at 
the University of Illinois, filed a suit 
for $300,000 against George C. Stod- 
dard, chancellor of New York Univer- 
sity. Ivy charged that Stoddard had 
attempted to destroy his reputation as 
a scientist. The two men were at one 
time vice president and president, re- 
spectively, of the University of Illinois. 

The judge in the case ruled that the 
trial should be put off until the govern- 
ment’s National Cancer Institute could 
evaluate the claims made for the drug, 
although attorneys for both sides had 
agreed that the effectiveness of the drug 
was not the issue in the trial—that the 
issue was, rather, whether Stoddard had 
gone beyond the bounds of legitimate 
criticism in his implication that Ivy was 
not merely wrong but wrong to the 
point of professional incompetence. 

The controversy is more than a dec- 
ade old, and both men have suffered 
through their involvement. Professional 
sentiment in the field is overwhelmingly 
against Krebiozen, and in response the 
Krebiozen supporters have been rather 
free in suggesting that there is a con- 
spiracy afoot to keep Krebiozen from 
being recognized and to destroy the 
reputations of its sponsors. 

The Secretary of Health, Education, 
and Welfare, Abraham Ribicoff, re- 
sponded to the judge’s request for an 
official evaluation by reiterating the 
Cancer Institute’s readiness to evaluate 
the drug whenever the Krebiozen sup- 
porters were prepared to cooperate in 
the standard procedures. 

According to a statement last year of 
the Citizens Emergency Committee for 
Krebiozen, “In view of the history of 
so-called ‘evaluations’ in the past, Dr. 
Ivy does not wish to provide the oppor- 
tunity for any new ‘committee’ to use 
such an evaluation as a device to pre- 
vent an actual clinical test because cf 


the risk of the negative influence of 
such a committee. Such a negative 
‘committee evaluation,’ instead of ac- 
tual clinical tests, could set Krebiozen 
back another 10 years.” — 

The National Cancer Institute uses 
such a committee evaluation as stand- 
ard procedure to decide whether it is 
worth going ahead with full clinical 
tests, which would cost several hundred 
thousand dollars. 


Shake-up in Soviet Science 


The controlling influence over sci- 
entific development in the Soviet Union 
appears to have been taken out of the 
hands of the Academy of Sciences. A 
new agency, headed by a nonscientist 
and former production executive, has 
been given over-all responsibility for 
the control of all scientific research, 
and of Soviet contact with foreign sci- 
entists. 

The new agency is called the State 
Committee for Coordination of Scien- 
tific Research Work. It is headed by Lt. 
Gen. Mikhail V. Khrumichev, former 
head of Soviet airplane production and, 
more recently, deputy chairman of the 
State Planning Committee. His new job 
carries the rank of deputy prime minis- 
ter. The agency is apparently designed 
to direct Soviet scientific work toward 
fields holding the strongest promise of 
practical applications. One of its princi- 
pal announced objectives is to shorten 
the time between the making of a sci- 
entific advance and its adaptation to 
practical uses. 

The change marks a clear decline in 
the influence of the Soviet Academy, 
which had been criticized for allowing 
needless duplication and for “irra- 
tional” allocation of human and ma- 
terial resources available for research. 

The reorganization, according to one 
view, is simply a logical manifestation 
of the tendency to decentralize that was 
apparent in the Khrushchev shake-up 
of industry in 1957 and of agriculture 
in 1959. The country’s 200 specialized 
research institutes have been taken out 
from under the central direction of the 
Academy, which, in this view, will now 
be free to concentrate its efforts on 
pure research, leaving the problem of 
administering and coordinating indus- 
trial research to professional industrial 
administrators. 

Other observers have stressed the 
emphasis, in the announcement, on 
avoiding duplication and channeling 
work into the most economically prom- 
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ising areas; this suggests to them less a 
decentralization than a shift toward 
greater emphasis on practical applica- 
tions than on pure research. 


Religion and the Election 


The University of Michigan’s Survey 
Research Center, one of the more au- 
thoritative voices in a field where al- 
most no one hesitates to dismiss opin- 
ions that do not coincide with his own, 
has completed a study that suggests 
Kennedy lost a net 1.5 million votes be- 
cause of his religion. 

This is not the end of the discussion 
of who gained from the religious issue, 
and how much. The size of the sample, 
1500, involves a margin of uncertainty 
as large as the net voting shift reported, 
assuming the sample was _ perfectly 
drawn and perfectly analyzed. Here are 
the center’s estimates: 

“Outside the South, Kennedy gained 
over 5 percent of the two-party vote 
from fellow Catholics, but lost over 3% 
percent from Protestant Democrats and 
independents, leaving him with a net 
gain of over 1% percent. 

“Inside the South, Kennedy’s gain 
from Catholics was less than 1 percent, 
his loss from Protestant Democrats and 
independents exceeded 17 percent, for 
a net loss of more than 16 percent. 

“Nationally, his gains from Catholics 
amounted to more than 4 percent, his 
losses from Protestant Democrats and 
independents were about 6!4 percent, 
and his net loss over 2 percent of the 
68 million votes cast.” 


Biomedical engineering. Engineering 
and medicine will be combined in a 
graduate curriculum leading to a Ph.D. 
in “biomedical engineering” at three 
eastern universities—Johns Hopkins, 
Pennsylvania, and Rochester. The uni- 
versities will offer the program in Sep- 
tember. According to a Johns Hopkins 
announcement, the new program will 
“train students in advanced engineering 
subjects of particular pertinence to re- 
search in biological systems, and offer 
systematic study in how the principles 
of physical and engineering science 
apply to biological systems.” 


Alan Gregg biography. Any ma- 
terial that has to do with the life of 
Alan Gregg, late of the Rockefeller 
Foundation, will be welcomed by his 
biographer, Dr. Wilder Penfield, Mon- 
treal Neurological Institute, Montreal, 
Canada. 
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Research Notes 


Ampoules containing 200 mg of mix- 
tures of pure fatty acid methyl esters 
will soon be available for distribution 
to qualified investigators in whose re- 
search programs such materials are 
needed. Investigators desiring these 
samples should describe briefly the re- 
search purposes for which they are to 
to be used. The committee advising on 
this distribution program will attempt 
to fill all deserving requests. Leiters 
should be addressed in duplicate to Dr. 
William H. Goldwater, Metabolism 
Study Section, Division of Research 
Grants, National Institutes of Health, 
Bethesda 14, Md. 

A bibliography listing 380 U.S. Gov- 
ernment research reports, foreign trans- 
lations, and other technical documents 
on Communist Chinese science and 
technology has been published by the 
Office of Technical Services, Business 
and Defense Services Administration, 
U.S. Department of Commerce, Wash- 
ington 25, D.C. The _ bibiiography 
(SB422) is available from OTS for 10 
cents. 

The maximum dollar amount for re- 
search grants under the mental health 
small research grant program of the 
National Institute of Mental Health has 
been established at $3500 plus indirect 
costs. Support is provided for 1 year 
only, and is not renewable. 

The program is intended to encour- 
age the initiation of research in the be- 
havioral, biological, and medical sci- 
ences relevant to mental health, by 
providing limited funds in a relatively 
rapid and flexible manner. It is designed 
to be of particular value to promising 
young investigators or to investigators 
who are working in institutions whose 
resources are not readily available for 
the support of preliminary research ex- 
plorations. 

% 

Eight standard hydrocarbon blends 
are now available from the National 
Bureau of Standards for calibrating in- 
struments used in analyzing gasoline 
and blending stocks. These standard 
samples—primarily intended for mass 
spectrometer calibration—are mixtures 
containing seven or eight pure hydro- 
carbons representing C; and Cs paraffins 
and cycloparaffins in typical virgin and 
catalyticaily cracked naphthas. The 
standards may also be applicable for 


infrared and gas chromatographic tech- 


niques. 


Scientists in the News 


George B. Kistiakowsky, chairman 
of the President’s Science Advisory 
Committee under Eisenhower, has re- 
ceived the George Ledlie prize, Har- 
vard’s highest faculty award. The prize 
is awarded every 2 years to the faculty 
member who has made “the most valu- 
able contribution to science, or in any 
way for the benefit of mankind.” Kis- 
tiakowsky was cited for his work both 
as a science adviser to the government 
and as a physical chemist. 


Owen W. Wangensteen will receive 
the $5000 award of the Passano Foun- 
dation for work in surgical techniques 
and postoperative therapy and for his 
work as a teacher. Five of the 19 pre- 
vious winners or co-winners of the an- 
nual medical award have subsequently 
received Nobel prizes. Wangensteen is 
on the faculty of the University of Min- 
nesota School of Medicine. 


John H. Lawrence, professor of medi- 
cal physics and director of the Donner 
Laboratory at the University of Cali- 
fornia, Berkeley, will spend part of the 
spring semester in India giving a series 
of lectures on atomic energy in medi- 
cine and working with H. J. Bhabha, 
chairman of the Indian Atomic Energy 
Commission. 


Maj. Gen. Clement F, St. John, com- 
mander of Walter Reed Army Medical 
Center in Washington, D.C., has been 
appointed director of the Medical Cen- 

2r of the University of Cincinnati. 


John F. G. Hicks has been named 
associate director of the Battelle Insti- 
tute. A chemist, he is at present vice- 
president and technical director of 
Corning Glass. 


Wilhelm §S. Albrink has been ap- 
pointed professor and chairman of 
pathology at the medical center of 
West Virginia University. His wife, 
Margaret Albrink, has been appointed 
associate professor of medicine. Both 
are currently members of the medical 
faculty at Yale, 


John G. Trump, professor of electri- 
cal engineering at MIT, will receive 
the 1961 Lamme gold medal for work 
in the design of particle accelerators 
and x-ray generators which can be used 
in cancer therapy. The award is made 
by the American Institute of Electrical 
Engineers. 
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Wright Rowe Adams, chairman of 
thie department of medicine at the Uni- 
versity of Chicago, has been appointed 
to the new post of associate dean of 
the biological sciences. Leon Jacobson, 
director of the Argonne Cancer Re- 
search Hospital, which is operated by 
the University of Chicago for the 
Atomic Energy Commission, has been 
appointed temporary chairman of the 
department of medicine. 


Ernst Knobil, now assistant profes- 
sor at Harvard Medical School, has 
been appointed to the new Mellon pro- 
fessorship of physiology at the Univer- 
sity of Pittsburgh. The chair was en- 
dowed by a grant from the Richard 
King Mellon Foundation. 


Howard T. Karsner, a civilian em- 
ployee of the Navy, has received the 
Navy’s annual Conrad award for his 
work in submarine and aviation medi- 
cine. The award is named for Captain 
Robert Conrad, who, as head of the 
planning division of the Office of Naval 
Research, organized the Navy’s basic 
research program. 


Charles Huggins, director of the Ben 
May Laboratory for Cancer Research 
at the University of Chicago, has re- 
ceived the highest honor of the Peru- 
vian Government, the “Order of the 
Sun.” While visiting in Lima, he was 
called to the presidential palace, with 
no advance notice that he was to re- 
ceive the gold medal. 


Ernest C. Pollard, chairman of bio- 
physics at Yale, has been appointed 
professor of biophysics at Penn State. 
This makes permanent a change made 
last July, when Pollard came to Penn 
State as a visiting professor. 


Otto H. L. Heckmann, director of 
the observatory at the University of 
Hamburg, will receive the James Craig 
Watson medal for astronomy from the 
U.S. National Academy of Sciences. 
He heads an international project to 
catalog the motions of 180,000 stars 
visible in the Northern Hemisphere. 
Heckmann is known for his work in 
cosmological theory. 


Columbia University has announced 
the appointment of Robert W. Hous- 
ton, professor of chemical engineering, 
as laboratory director of the Industrial 
Reactor Laboratories at Plainsboro, 
N.J. Columbia has signed an agreement 
to operate the facility, which is owned 
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by ten industrial corporations engaged, 
to varying degrees, in nuclear research. 
The university has a 9-percent share 
in use of the laboratories, which include 
one of the world’s largest privately 
owned nuclear research reactors. 


Kenneth M. Endicott, director of the 
National Cancer Institute, Bethesda, 
Md., has announced the appointment of 
Carl G. Baker as associate director for 
program and of C. Gordon Zubrod as 
director of intramural research. Baker 
was formerly assistant director, with 
responsibility for intramural nonclinical 
research. In his new position he will 
work closely with Endicott in coordi- 
nating the major institute programs and 
with the institute’s top extramural ad- 
visory committees on policy matters. 

Zubrod, formerly clinical director of 
the institute, has been active in research 
on the use of drugs in cancer patients. 
In his new position he will direct both 
clinical and nonclinical research. 


Robert W. Noyes has been appointed 
professor and head of the department 
of obstetrics and gynecology at Vander- 
bilt University School of Medicine, 
effective 1 October. Noyes is at present 
associate professor at Stanford Univer- 
sity. 


Albert V. Baez, a former associate 
professor of physics at Harvey Mudd 
College, has been appointed chief of 
UNESCO’s Division of Teaching Basic 
Sciences in Higher Education. Baez 
is expected to assume his duties at 
UNESCO headquarters in Paris some- 
time this year. 


Maurice Ewing, professor of geology 
at Columbia University and director of 
the Lamont Geological Observatory, 
has received Dickinson College’s $1000 
Priestley memorial award for his re- 
search in oceanography and earth sci- 
ences. 


Lloyd A. Wood, former chief of the 
Office of Research Grants and Con- 
tracts of the National Aeronautics and 
Space Administration, has been ap- 
pointed director of the Physical Sci- 
ences Division of the Air Force Office 
of Scientific Research, Air Force Re- 
search Division, Washington, D.C. In 
his new post he will manage the largest 
directorate of the AFOSR and will di- 
rect the spending of some $15 million 
a year for basic research in the fields 
of nuclear physics, general and solid- 
state physics, and geophysics. 


Edward U. Condon, head of the 
physics department of Washington Uni- 
versity, St. Louis, has been named 
chairman of the Editorial Board of Di- 
rectors of International Science and 
Technology, a new magazine which will 
be launched in January 1962, by Con- 
over-Mast Publications Inc., to serve 
scientists and engineers in industry. 
Robert B. Colborn, who has been with 
McGraw-Hill Publishing Co. since 1936 
and has been assistant managing editor 
of Business Week for the last 10 years, 


will be editor of the new _ pub- 
lication. 
Recent Deaths 


Elda E. Anderson, Oak Ridge, Tenn.; 
61; health physicist at Oak Ridge Na- 
tional Laboratory; former president of 
the Health Physics Society and chair- 
man of the American Board of Health 
Physics; 18 Apr. 

S. Howard Armstrong, Chicago, IIl.; 
49; professor of medicine at the Uni- 
versity of Illinois and dean of Cook 
County Graduate School of Medicine; 
11 Mar. 

Jules Bordet, Brussels; 90; winner of 
the Nobel prize for medicine and phys- 
iology in 1919; his discoveries in the 
field of serology were widely applied 
for the diagnosis of typhoid, tubercu- 
losis, and other infectious diseases; the 
Wasserman test for diagnosis of syph- 
ilis is based on these principles; 6 Apr. 

Paul Frederick Brande, Cambridge, 
Mass.; 30; fellow in physiology at the 
Harvard Medical School; 1 Apr. 

J. Ben Hill, University Park, Pa.; 81; 
professor emeritus of botany at Penn- 
sylvania State University; 31 Mar. 

Matthew A. Hunter, Troy, N.Y.; 82; 
metallurgist; dean emeritus of Rensse- 
laer Polytechnic Institute; 24 Mar. 

Sir David Rivett, Sydney, Australia; 
75; chemist; played a major role in the 
movement to reclaim millions of acres 
of barren land in the Australian “out- 
back”; had served as chairman of the 
British Commonwealth Council of Sci- 
entific and Industrial Research and as 
president of the Australian and New 
Zealand Association for the Advance- 
ment of Science; 3 Apr. 

Raymond J. Strawinski, Baton Rouge, 
La.; 44; specialist in hydrocarbon mi- 
crobiology; associate professor of bac- 
teriology, Louisiana State University; 
27 Jan. 


Erratum: The officers of the American Me- 
teorological Society said to have been elected this 
year in a recent news note [Science 133, 322 
(1961)] were elected last year to 2-year terms. 
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Book Reviews 


The Education of Nations: A Com- 
parison in Historical Perspective. 
Robert Ulich. Harvard University 
Press, Cambridge, Mass., 1961. xiii 
+ 325 pp. $6.75. 


Robert Ulich’s book on the educa- 
tional systems of five modern nations, 
including Russia and the United ‘States, 
is particularly well designed to bring 
understanding, for he begins with a 
review of the nearly common heritage 
of 700 years, from the high Middle 
Ages to the age of industrial democracy. 
At every point, moreover, the author 
suggests parallels or makes analogies 
that show without didacticism how 
tightly linked the educational practice 
and the cultural assumptions of a 
period or country are. He is as ready 
to speak of our judgments of modern 
art in connection with the technolog- 
ical revolution as to speak of Pascal 
and Kierkegaard in a paragraph about 
the integration of science into the 
world of moral ideas. 

If one adds to these evidences of a 
mind able to move easily and aptly 
within the realm of intellect the fact 
that The Education of Nations is written 
in ordinary English, which is to say, 
nowadays, extraordinary English, free 
from jargon, preciosity, or affectation of 
any kind, one is led to conclude that 
here is an uncommon work of manifest 
utility. The many persons from every 
walk of life who are at the moment 
gravely concerned about American 
schools would do well to provide them- 
selves with a little detachment and per- 
spective by assimilating the contents of 
Ulich’s survey. They would find it as- 
similable, I am sure, not only by virtue 
of its lucid prose, but also by virtue of 
its unhurrying pace and quiet tone. 
Though serious from beginning to end, 
the work is a kind of causerie by a 
man who has read much, a man who 
remembers what he once read rather 
than copies out what he has just read. 
He never presses too hard on the point 
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he makes or the conviction he is moved 
by. 

And this perhaps is the only weak- 
ness of the work, at least for readers 
who have a good grasp of the intel- 
lectual history of modern Europe and 
who have some acquaintance with the 
recent debates about education in Eng- 
land and on the Continent. Such readers 
are charmed by the author, and in- 
structed in certain details (particularly 
about Russian education), and occa- 
sionally led to doubt or disagree; but 
they are not stirred into sharing a 
vision of past, present, and future. I 
do not mean that Ulich lacks an in- 
dividual voice. He is a finely tempered 
rationalist, who balances reason. with 
moral and esthetic sensitivity. He is a 
cosmopolitan mind of that rare sort to 
whom internationalism is a_ positive 
premise, not a means of expressing ill- 
digested resentments. No one would 
want to upset this urbane equilibrium 
by a greater dose of partisanship. But 
what one would wish from so com- 
petent a guide, from a spirit so self- 
aware and judicious, is—if I may press 
the image of judgment—a_ stronger 
charge to the jury. 

JACQUES BARZUN 
Columbia University 


Sea Birds. Charles Vaucher. Translated 
from the French by James Hogarth. 
Oliver and Boyd, London, 1960. 254 
pp. Illus. (225 photographs, 15 in 
color). £5 5s. 


This English edition of Oiseaux de 
Mer (Delachaux and Niestlé, Paris, 
1958) is primarily a remarkable collec- 
tion of well-reproduced photographs, 
almost all of them of birds which breed 
exclusively on oceanic islands or coasts; 
but the text is well written, and the in- 
troductory chapter, “Islands of the 
birds,” and the 14 chapters devoted, 
respectively, to the fulmar, the cormo- 


rant, the shag, the gannet, the common 
eider, the shelduck, the arctic skua, 
gulls (four species), the kittiwake, terns 
(seven species), the razorbill, the guil- 
lemot, the puffin, and the oystercatcher, 
ringed plover, and turnstone are not to 
be dismissed as mere accompaniment 
or obbligato. I have listed these names 
to make clear which sea birds are dealt 
with. As the author states in his fore- 
word, the book is concerned only with 
certain species, notably those which live 
on the Farne Islands off the coast of 
Northumberland, Bass Rock and Tents- 
muir Point in Scotland, the islands of 
the Stockholm Archipelago, and the 
islands near the biological station of 
Tvarminne in Finland. The peregrine 
falcon, which often preys upon the sea 
birds of northern Europe, is not dis- 
cussed. 

Coverage of the above-named 25 
species is not equal by any means, the, 
decidedly photogenic adult gannet be- 
ing represented by no fewer than 26 
photographs, including three striking 
color studies, one of which is used as 
a frontispiece and also on the dust 
jacket. Admirers of Vaucher’s photo- 
graphs of flying gannets will be hauled 
down from ecstasy by the humble little 
portrait of a 3-day-old gannet, which 
reminds one of a singed, decapitated 
hedgehog. I studied this photograph a 
long time before I found the creature’s 
head. Finally, convinced that the eye 
was nowhere visible, I realized that 
what I had been calling the back of the 
neck was the top of the head and that 
the slightly opened bill was pointed al- 
most straight down. Another nonphoto- 
genic subject, the rock pipit (page 245), 
is the only passeriform bird pictured. 

Three photographs are of seals on 
the Farne Islands, and several photo- 
graphs are of the shore with its waves, 
limpets, barnacles, seaweed, “polished 
rocks,” and spider crabs. When I first 
looked at the lower of the two pictures 
captioned “Molluscs and seaweed carpet 
the rocks” on page 24, I misidentified 
some of the “molluscs” as cliff swallow 
nests. I continue to be disappointed that 
the handsome little alcid known as the 
black guillemot, the bird the Eskimos 
call the pitseolak, is represented by only 
one photograph, and this a not particu- 
larly distinguished one. But what Sea 
Birds lacks in black guillemots is com- 
pensated for by seascapes as thrilling as 
the oil paintings of Frederick Waugh, 
by a remarkable twosome showing the 


_ wing-tip patterns of the herring gull 


and common gull (page 138), and by 
many action studies of birds in flight. 
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I am a very poor photographer, but 
I have devoted much time to bird paint- 
ing; Charles Vaucher’s photographs re- 
veal certain facts about what a human 
being can hope to see of birds, and 
these facts may well be discussed here. 
Please look at the well-composed pic- 
ture of flying gannets on page 84; here 
it will be observed that in the upper- 
most bird the white under side of the 
body, the part below the nearer wing, 
is lost completely to the eye as a result 
of shadow plus reflected color. The av- 
erage bird painter (the word average is 
not intended to be snide) would feel it 
necessary to show the whole bird in 
order to give the viewer his money’s 
worth, so to speak; but Nature seems 
to delight in breaking up shapes, in dis- 
solving edges, and neutralizing, 
changing, even destroying “local col- 
or.” The top surface of a flying crow 
can flash pure white as the glossy plum- 
age catches the sun; a flock of flying 
or running wild turkeys can lose their 
darkness and their gorgeous iridescence 
entirely in certain lights; the gray of an 
ordinary catbird (Dumetella carolinen- 
sis) can become as blue as the blue of 
an adult male blue grosbeak (Guiraca 
caerulea) on a cloudless summer day. 
This I know from memorable experi- 
ence: I once shot a blue grosbeak in a 
stand of locust saplings; I was dead cer- 
tain that my bird was of that species; 
but the dead bird that I picked up was 
a catbird. 

The Swedish artist Bruno Liljefors 
knew wonderfully well how parts of 
birds and mammals can disappear as 
the sun-struck, shadow-marked crea- 
tures stand or crouch or move about in 
their habitat. One of his large oil paint- 
ings of a company of curlews is a mean- 
ingless mass of daubs at close range, but 
at a distance the eye finally sees the 
curlews in the grass, and the mind 
grasps the all-important fact that the 
process of finding the bird-shapes on 
the canvas has been very like that of 
finding the birds themselves in their 
actual habitat. It can be argued that 
more is to be expected of the artist than 
of the camera; but to my way of think- 
ing the really great artist must fully 
understand all relationships between the 
viewer and that which is viewed; let 
him eventually become an abstraction- 
ist; let him eventually swing completely 
away from representation of that which 
is usually called and thought of as visi- 
ble; even so, he will—even as did Pi- 
casso, who had his academic period— 
become the greater for having gone 
through the schooling process, for hav- 
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ing first learned, then deliberately, wit- 
tingly, intentionally unlearned. 

What I am trying to say is that the 
photographs in such a work as Sea 
Birds can be a guiding force for a bird 
artist. No honest artist will allow him- 
self to copy a photograph directly; but 
he will study shapes, edges, highlights, 
and shadows avidly, hoping to come to 
a full understanding of them. Especially 
will he study eyelids and mouth corners 
and feet—parts of birds which dry up 
and lose shape badly after preparation 
as museum specimens. 

The ecologist, as well as the artist, 
will find Sea Birds stimulating. Vaucher 
does not, I rejoice to observe, feel it 
necessary to employ the complex, hy- 
phenated terms so many ecologists em- 
ploy. He is, none the less, a sound stu- 
dent of habitats; his presentation as a 
whole is proof of this. Nowhere in Sea 
Birds is there an element that does not 
belong in a very real sense to the oikos 
about which the author so clearly 
speaks through both photographs and 
text. Here are the cliffs with their 
masses of guillemots and gannets, the 
position of each bird so determined by 
“space requirements” as to give the 
colony a surprising symmetry and or- 
derliness. Here is the pounding surf, 
with the rocks it has worn smooth, the 
chasms and arches it has formed, and 
the birds that have found nesting places 
thereon. Here are the flowers known as 
thrift and sea-campion and the terns 
that find summer shelter among them. 
In the so-called “descriptive summa- 
ries,’ which might well have been in- 
cludea in the major writeups, more 
could have been said about the way in 
which populations of the several species 
fit together in occupying available nest 
sites, in sharing predation pressures, 
and in competing for food at the height 
of the nesting season. For example, the 
lateness of the nesting of the lesser 
black-backed gull is mentioned, but 
there is no explanation of the way in 
which this delay insures protection for 
the eggs and chicks by the developing 
vegetation, an important point made in 
the chapter “Breeding time in the gull 
colonies” in F. Fraser Darling’s re- 
markable little book, Wild Country 
[Cambridge University Press (1938), 
pp. 47-55]. 

Most of the errors in Sea Birds are 
minor. But some of them must be men- 
tioned lest readers be led astray. The 
lovely “lesser black-backed gull” shown 
in color on page 117 is actually a great 
black-backed gull (Larus marinus), as 
careful comparison with specimens will 


show. The black-and-white photograph 
of a great black-backed gull on page 
132 is correctly identified. The two 
photographs, though not necessarily of 
the same individual bird, were taken at 
the same nest. The lesser black-back 
(L. fuscus) is decidedly more slender of 
bill and less slaty on the back than the 
bird shown in either of these two pho- 
tographs. The statement to the effect 
that procellariiform birds “can only 
shuffle slowly and clumsily about on 
their tarsi” (page 35) does not apply to 
the albatrosses, a small but important 
procellariiform family (Diomedeidae). 
The eye of the adult gannet is not gray 
(page 68) but pale yellow (see frontis- 
piece). Evidence of very poor transla- 
tion or of careless proofreading is the 
phrase “carmine-pink gills” which 
should read “carmine-pink bills” (page 
87). 

GEORGE MIKSCH SUTTON 
Department of Zoology, 
University of Oklahoma 


Plasma Physics. James E. Drummond. 
McGraw-Hill, New York, 1961. xiv 
+ 386 pp. Illus. $12.50. 


Although the prospects for develop- 
ing practical sources of thermonuclear 
energy seem remote, vigorous research 
programs in the field have excited con- 
siderable interest in plasma physics. It 
is only within the past few years that 
a full appreciation of the complexity 
of the plasma state has been achieved 
and exploited in the laboratory. This 
volume contains a collection of survey 
articles on recent advances in the field. 
All the articles are on a high technical 
level. 

The introductory chapter on plasma 
oscillations (by Drummond) contains 
an interesting historical review and an 
unusually complete list of important 
publications on the subject. There fol- 
lows the volume’s piéce de résistance— 
a long article by Klimontovich and 
Silin on the spectra of systems of inter- 
acting particles. The authors pay par- 
ticular attention to quantum mechani- 
cal questions and recent statistical 
mechanical considerations of collective 
effects; thus, they introduce a more 
fundamental approach to microscopic 
phenomena than is usually found in 
the literature. They also discuss the 
energy losses of charged particles which 
are able to excite collective oscillations 
in passing through a medium. Again, 
the bibliography is a valuable one. 
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Other papers include an excellent ac- 
count of the results of the. application 
of diagrammatic perturbation methods 
to equilibrium statistical mechanics 
(written by Meeron) with particular 
attention to the current status of 
Debye-Hiickel theory; accounts of the 
classification of amplifying and decay- 
ing waves in plasmas (by Sturrock and 
Buneman); a review of magnetohydro- 
dynamics with a discussion of some 
aerodynamic problems (by Yoler); and 
articles written on the Bennett pinch, 
the stability of relativistic self-focusing 
streams, and on topics relating to 
microwave interactions with plasmas. 

Space does not allow a complete 
treatment of all the papers in this 
volume, but they are all at a uniformly 
high level. I wish that astrophysical 
plasma phenomena had been discussed 
and that the same level of generality 
had been maintained throughout the 
book. However, these are minor criti- 
cisms of an otherwise well executed 
venture. 

GEORGE WEISS 

University of Maryland 


Developments in Mathematical Psychol- 
ogy. Information, learning, and track- 
ing. R. Duncan Luce, Ed. Free Press, 
Glencoe, Ill., 1960. 294 pp. $7.50. 


This volume surveys three areas of 
recent emphasis in mathematical psy- 
chology: information, learning, and 
tracking. It should have been published 
about 5 years ago when most of it was 
written. Many portions are condensed 
and fragmentary, in the manner of con- 
temporaneous reporting such as is found 
in the Annual Review series. Fortu- 
nately, other portions are more didactic 
and render the volume useful in spite 
of the time lapse. 

The article on information is by R. 
Duncan Luce; it is divided about evenly 
between a section on theory, in the 
Shannon-Wiener tradition, and a sec- 
tion on applications, addressed to many 
topics in psychology. The section on 
theory seems rather advanced for a 
beginner, yet rather sketchy for a pro- 
fessional. An asset is the inclusion of 
some interesting developments by G. A. 
Miller, W. R. Garner, and other be- 
havioral scientists, which appeared in 
the wake of the famous Shannon and 
Wiener treatments. The section on appli- 
cations runs the gamut from studies 
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that are direct consequences of infor- 
mation theory (for example, statistical 
approximations to English) to studies 
that show little influence beyond an 
exchange of digital counts for loga- 
rithms to the base 2. There is also a 
sensible treatment of whether or not 
information theory really earns its keep 
in behavioral science. 

The article on learning, by R. R. 
Bush, seems particularly out of date. 
Unlike the other two topics, learning 
is a central concern in general experi- 
mental psychology and has attracted 
many new. efforts, mathematically 
oriented and otherwise. Bush himself 
has done later work that contributes to 
the obsolescence of his article. The pres- 
entation is organized as it should be 
to point up the substantive content of 
learning research: acquisition, extinc- 
tion, generalization, and so _ forth. 
Models of the Bush-Mosteller variety 
receive primary emphasis, with the 
Estes-Burke approach running a close 
second. Hull is relegated to an appropri- 
ate place in history, but there is little 
indication of later developments by the 
Hullian school. The article seems just 
right for a specializing student of learn- 
ing, who can profit from its many 
pertinent observations without depend- 
ing upon it as an overview of the field. 

J. C. R. Licklider did the article on 
tracking, a slice of engineering psychol- 
ogy in which the engineering is far 
more conspicuous than the psychology. 
Studies of tracking generally view the 
human operator as a component in a 
man-machine system, whose stimuli are 
mathematically describable inputs from 
the system and whose motor responses 
are similarly describable outputs. The 
Licklider article does well at placing 
the results of tracking experiments in 
their appropriate mathematical con- 
text. The context itself is developed 
from the ground up in the first ten pages 
only; beyond that there is a too-rapid 
cascading of much that is standard 
mathematical background for the engi- 
neer but not for the psychologist. Well- 
educated engineers should find the 
going easy and the treatment informa- 
tive. 

In spite of the limitations indicated, 
the volume as a whole will probably 
serve to acquaint a wider audience with 
some major developments of the past 
decade. It is welcome. 


MYMon GOLDSTEIN 


Department of Psychology, 
Princeton University 


Nuclear Forces and the Few-Nucleon 
Problem. vol. 1 and vol. 2. T. C. 
Griffith and E. A. Power, Eds. Per- 
gamon Press, New York, 1960. xx 
+ 712 pp. Illus. $30. 


As channels for disseminating scien- 
tific information, conference proceed- 
ings published in book form, are prob- 
lem children. A _ scientific conference 
itself has, in the order of their import- 
ance, three aspects, for it enables par- 
ticipants to discuss their work, to hear 
about the newest developments in the 
field, and perhaps to hear some general 
lectures. Thus the most important as- 
pects of a conference—the private dis- 
cussions between conference partici- 
pants and the reports on the latest de- 
velopments—are either not available for 
publications (the private discussions) or 
they should be published quickly while 
the “recent” developments reported 
still deserve to be called “the lat- 
est” (many papers will be published 
after the conference in the scien- 
tific journals). Conference proceedings 
should, therefore, be published as rap- 
idly as possible in order to report fully 
on the newest developments in the 
field. Unfortunately the proceedings 
under review are the report of a con- 
ference held over 11% years ago (July 
1958). Thus, it is to be expected that 
their novelty value will be somewhat 
worn. This cannot be denied. But a 
considerable amount of information 
is contained in the volumes, and an 
appreciable fraction of it is up to date. 

A major portion of the conference 
was devoted to the nuclear two-body 
problem. There were introductory lec- 
tures on the phenomenological descrip- 
tion of the forces by phase shifts and 
by potentials, on the meson theory of 
the nuclear forces, on the dispersion 
relation approach to nuclear forces, and 
on the experimental status of the nu- 
cleon-nucleon interaction. 

Furthermore, there were several 
papers summarizing the work of par- 
ticular groups and an assortment of 
shorter reports on experimental and 
theoretical aspects of the two-body 
problem. The three- and four-body 
problem is treated in a large number of 
shorter papers. Also, more or less ex- 
tensive treatment is given to the scatter- 
ing of all pairs of particles with mass 
between two and four. Finally there 
are a few papers on the binding energy 
of some nuclei up to 0” as well as 
some other contributions. 

Workers in the field, especially new- 
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comers, may find it useful to have 
everything collected and easily accessi- 
ble, even though a large fraction of 
the papers have already appeared in 
the scientific literature. The informal 
character of the lectures may make 
this material easier to digest than the 
corresponding papers published else- 
where. 

The editors and publishers have done 
a beautiful job. Still, I think that speed 
of publication should be the prime 
consideration in publishing conference 
proceedings, and I would gladly sacri- 
fice everything except accuracy to this 
goal. 

MICHAEL DANos 

High Energy Radiation Section, 
National Bureau of Standards 


Stars and Stellar Systems. vol. 6, Stellar 
Atmospheres. Jesse L. Greenstein, 
Ed. University of Chicago Press, Chi- 
cago, Ill., 1961. xix + 724 pp. Illus. 
$17.50. 


It has been more than a century since 
Auguste Comte gazed into the clouded 
crystal ball and prognosticated: “There 
are some things of which the human 
race must remain forever in ignorance, 
for example, the chemical constitution 
of the heavenly bodies.” We now know, 
thanks to spectroscopy, that these same 
heavenly bodies provide us with an 
infinite variety of strange, experimental, 
chemical and physical laboratories and 
that the detailed analysis of electromag- 
netic radiation originating in stellar 
atmospheres has led to fundamental 
discoveries far beyond anything that 
Comte could have envisioned. 

The astronomer’s approach is pri- 
marily an empirical one; first comes the 
observation which poses a problem that, 
later, demands theoretical interpreta- 
tion. New observational knowledge also 
suggests new observational problems and 
techniques. The 1961 sun bears little 
resemblance to the 1941 sun because of 
new instruments such as the corona- 
graph, the rocket-borne spectrograph, 
and the radio telescope. One can pre- 
dict with confidence that the 1981 stars 
—and their atmospheres—will be quite 
different from the 1961 stars, as new 
space observatories and radio telescopes 
explore great regions of the electromag- 
netic spectrum virtually untouched at 
the present time. Astronomy will con- 
tinue to be the science of discovery. 

This book is one of the first two 
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volumes to appear of a proposed nine- 
volume “Compendium ef Astronomy 
and Astrophysics” under the general 
editorship of Gerard P. Kuiper and 
Barbara M. Middlehurst. The aim of 
the compendium is to present stellar 
astronomy and astrophysics as basically 
empirical sciences, coordinated and 
illuminated by the application of theory. 
This compendium is intended as an ex- 
tension of the four-volume “Solar Sys- 
tem” series, edited by Kuiper. 

Chapters 1 through 5 outline stand- 
ard methods of theoretical analysis of 
stellar atmospheres. The next three 
chapters deal with nonthermal phe- 
nomena, magnetic stars, and _ stellar 
rotation and turbulence. Chapters 9 
through 11 discuss high luminosity stars 
and extended atmospheres, while the 
last eight chapters are concerned with 
composite spectra, long-period variables, 
red giants, mass loss from red giants, 
isotopes, novae, dwarf variables, and 
stars below the main sequence. The 
normal red dwarf, by far the com- 
monest type of star in space, is, strange- 
ly, not discussed. 

The choice of both authors and sub- 
ject matter is excellent, and there is no 
question but that this well-edited volume 
will be the primary authority in its field 
for many years. As such, it should have 
a profound influence in the training of 
the many needed future astrophysicists. 
The price is refreshingly low for a book 
of this size and quality. 

JOHN B. IRwIN 
Goethe Link Observatory, 
Indiana University 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


Industrial Organic Nitrogen Compounds. 
Melvin J. Astle. Reinhold, New York; 
Chapman and Hall, London, 1961. 399 
pp. $14. 

Information Retrieval and Machine 
Translation. pt. 1. Allen Kent, Ed. Inter- 
science, New York, 1960. 701 pp. Illus. 
$23. First part of a two-volume work 
which will record the pzepers and dis- 
cussions of the International Conference 
for Standards on a Common Language 
for Machine Searching and Translation, 
September 1959. 

Integral Quadratic Forms. G. L. Wat- 
son. Cambridge Univ. Press, New York, 
1960. 155 pp. $5. 

Kinetics and Mechanism. A study of 
homogeneous chemical reactions. Arthur 
A. Frost and Ralph G. Pearson. Wiley, 
New York, ed. 2, 1961. 414 pp. Illus. $11. 

Linear Graphs and Electrical Networks. 


Sundaram Seshu and Myril B. Reed. 
Addison-Wesley, Reading, Mass., 1961. 
325 pp. Illus. $9.75. 

Manual of Cotton Spinning. vol. 2, pt. 
1, The Characteristics of Raw Cotton. E. 
Lord. Textile Book (Interscience), New 
York; Butterworths, London, 1961. 345 
pp. $8.50. 

Materials for Nuclear Engineers. A. B. 
McIntosh and T. J. Heal, Eds. Inter- 
science, New York, 1960. 382 pp. Illus. 
$11.85. 

Mathematical Metheds for Engineers 
and Technologists. P. I. Romanovskii. 
Translated from the Russian by M. Slater. 
T. K6vary, Ed. Pergamon, New York, 
1961. 265 pp. Illus. $8.50. 

Matheson Gas Data Book. Matheson, 
East Rutherford, N.J., ed. 3, 1961. 438 
pp. Illus. $8. 

Mechanics of Solids and Fluids. Robert 
R. Long. Prentice-Hall, Englewood Cliffs, 
N.J., 1961. 166 pp. Illus. Trade, $9; text, 
$6.75. 

Notes on Quantum Mechanics. A 
course given by Enrico Fermi. Univ. of 
Chicago Press, Chicago, Ill., 1961. 171 
pp. Paper, $1.50. Lecture notes as pre- 
pared by Fermi for a course in early 
1954. 

NMR and EPR Spectrocsopy. By the 
staff of arian Associates. Pergamon, 
New York, 1960. 296 pp. $12. A large 
part of the material presented at the third 
annual workshop sponsored by Varian, 
October 1959. 

Optical Spectrometric Measurements of 
High Temperatures. Philip J. Dickerman, 
Ed. Univ. of Chicago Press, Chicago, IIl., 
1961. 276 pp. Illus. $12.50. A series of 
papers and accounts of related discussions 
resulting from a symposium at the Univer- 
sity of Chicago, March 1960. 

The Philosophy of Physics. Vincent Ed- 
ward Smith, Ed. St. John’s Univ. Press, 
Jamaica, N.Y., 1961. 85 pp. Paper. St. 
John’s Univ. Studies, Philosophical Se- 
ries, 2. 

Physical Chemistry. Farrington Daniels 
and Robert A. Alberty. Wiley, New York, 
ed, 2, 1961. 754 pp. Illus. $8.75. 

Physical Gas Dynamics. A. S. Predvo- 
ditelev, Ed. Translated from the Russian 
by R. C. Murray and D. R. H. Phillips. 
Pergamon, New York, 1961. 187 pp. 
Plates. $7.50. 

Physics and Archaeology. M. J. Aitken. 
Interscience, New York, 1961. 191 pp. 
Illus. $6. 

Polynomials Orthogonal on a Circle and 
Interval. Ya. L. Geronimus. Translated 
from the Russian by D. E. Brown. Ian 
N. Sneddon, Ed. Pergamon, New York, 
1960. 219 pp. $8.50. 

Polypropylene. Theodore O. J. Kresser. 
Reinhold, New York; Chapman and Hall, 
London, 1960. 280 pp. Illus. $6.50. 

Porcelain Enamels. The preparation, 
application, and properties of enamels. 
Andrew I. Andrews. Garrard Press, 
Champaign, Ill., ed. 2, 1961. 659 pp. 
Illus. $12. 

Radiation Protection and Recovery. 
Alexander Hollaender, Ed. Pergamon, 


New York, 1960. 397 pp. Illus. $10. 

Transistor Circuit Analysis. Maurice V. 
Joyce and Kenneth K. Clarke. Addison- 
Wesley, Reading, Mass., 1961. 475 pp. 
Illus. $10.75. 
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Occurrence of Titanium, Vanadium, 
Chromium, and Sulfuric Acid in 
the Ascidian Eudistoma ritteri 


Abstract. The body tissues of the colo- 
nial ascidian Eudistoma ritteri are shown 
by quantitative spectrographic analysis to 
contain up to the following amounts of 
related metals (parts per million of dry 
weight): titanium, 1512; vanadium, 471; 
and chromium, 144. Body tissues and tunic 
fluid show a pH of 1.5 due to the presence 
of sulfuric acid. 


Half a century ago Henze demon- 
strated the presence of relatively high 
concentrations of vanadium in phlebo- 
branch ascidians and found this to oc- 
cur in certain blood cells in association 
with high concentrations of sulfuric 
acid (7). Since that time numerous 
workers have confirmed the presence 
of vanadium in blood cells or other tis- 
sues of ascidians and have noted that 
relatively high concentrations appear to 
be restricted to certain members of the 
ascidian order Phlebobranchiata (2, 3). 

The more recent discovery of 475 
ppm of vanadium in Euherdmania 
claviformis (4) and the reports of posi- 
tive tests for vanadocytes in E. clavi- 
formis and Pycnoclavella stanleyi (5) 
are of particular interest, for they con- 
stitute the first indications of compar- 
ably large concentrations of vanadium, 
and of the presence of vanadocytes, in 
any members of the ascidian order 
Aplousobranchiata. It seemed desirable 
that other species among the less spe- 
cialized aplousobranchs should also be 
examined for vanadium content. Fur- 
ther, the reports of quantities of man- 
ganese in several ascidians (6, 7), the 
discovery that individuals of Molgula 
manhattensis may concentrate either 
vanadium or niobium (8), and the find- 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


ing that Pyura stolonifera accumulates 
iron (9), suggested that other related 
metals might also be present in ascid- 
ians. 

Eudistoma ritteri Van Name, 1945, 
represents a relatively unspecialized 
aplousobranch ascidian common along 
central California shores. Initial tests 
for vanadium in E. ritteri included 
microscopic examination of the blood 
for vanadocytes and treatment of the 
blood cells and other tissues with osmic 
acid and neutral red by the diagnostic 
tests of Webb (2) and George (JO). 
The blood shows an abundance of mor- 
ular “green-cell’” corpuscles, which, 
however, fail to exhibit the character- 
istic staining reactions of vanadocytes; 
they neither take up neutral red nor 
darken in the presence of osmic acid. 
However, these tests proved positive 
when applied to other body tissues. The 
entire epidermis concentrates neutral 
red heavily; the whole body blackens 
in the presence of osmic acid. The fluid 
of the tunic has a pH of 1.5 as shown 
by a glass-electrode pH meter and indi- 
cator papers specific for low pH. When 
BaCl: is added to the tunic fluid, a 
heavy precipitate of BaSO. is formed, 
indicating the presence of sulfuric acid. 

Chemical analyses of the tissues for 
vanadium were carried out with the 
phosphotungstic acid method described 
by Sandell (71). The bodies of approx- 
imately 1500 to 2000 zooids were re- 
moved from living colonies, inspected 
to insure that digestive tracts were emp- 
ty of food and feces, dried at about 
110°C, weighed, ashed at 600°C, and 
tested. The phosphotungstic acid meth- 
od yielded rather erratic results, sug- 
gesting the presence of one or more 
elements, such as titanium, which are 
known to interfere with the test for 
vanadium in this method. 

Samples of zooids, dried and ashed 
as before, were subjected to quantita- 
tive spectrographic analysis (2). The 
results, shown in Table 1, indicate that 
titanium is present in quantities of up 
to 1512 ppm, vanadium in amounts of 
up to 471 ppm, and chromium in 
amounts of up to 144 ppm in dried, 
whole, unpreserved zooids. The vanadi- 
um concentration in the lower abdomen 
is greater than that in the zooid body 
as a whole. Zooids preserved in 10 per- 
cent neutral formalin for 4 years show 


roughly similar quantitative relation- 
ships between the three metals, but the 
concentration of each is drastically re- 
duced. Spectrographic analysis of salt 
formed by evaporating sea water col- 
lected from the immediate environment 
of E. ritteri indicates that these three 
metals are below the level of detection. 

The concentrations of vanadium re- 
ported here are similar to those ob- 
tained in Euherdmania (4). Titanium 
has previously been reported from as- 
cidian tissues (6) only in trace amounts 
(1.7 ppm dry weight). Chromium has 
not been reported to be concentrated 
by ascidians according to my present 
knowledge. 

The metals now known to be accumu- 
lated in relatively large amounts by 
some ascidians show the following ar- 
rangement relative to one another in 
the periodic table: 


Nb 


Mn Fe 


All belong to the “related metals” class 
and have a similar number of electrons 
in the outermost and the next-to-the- 
outermost shells. Manganese has been 
reported by I. Noddack and W. Nod- 
dack (6) to be concentrated by Ciona 
intestinalis at 120 ppm of the dry 
weight, and Vinogradov (7) reports 
“large quantities in Didemnum albidum 
and Microcosmus glacialis which have 
CaCO: spicules.” 

The function of vanadium in ascid- 
ians remains uncertain. However, the 
chemical similarities among at least 
some of the substances listed suggests 
the possibility that these metals may 
play more or less interchangeable phys- 
iological roles. The findings of Carlisle 
(8) further suggest the possibility that 
small genetic or physiological differ- 
ences, even within a single species, may 
favor the concentration of one or 
another of these elements. The presence 
of relatively great amounts of vanadium 
in both Euherdmania and Eudistoma 
indicates that, in this feature, these gen- 
era are more closely allied to the as- 
cidians of the order Phlebobranchiata 
than to the aplousobranchs with which 


Table 1. Quantities of titanium, vanadium, 
and chromium in spectrographically analyzed 
samples of Eudistoma ritteri zooids removed 
from the tunic (parts per million of dry 
weight). 


Unpreserved zooids Whole Sea 
Abdomens _ Preserved water 
only zooids salt 
Titanium 
1361-1512 1110 529 0 
Vanadium 
370-471 660 18 0 
Chromium 
72-144 100 3 0 
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they are generally placed. This provides 
further evidence to support the conten- 
tion of Berrill (73) and others that the 
polycitorid aplousobranchs (Eudistoma 
and close allies) have clear affinities 
with the diazonid phlebobranch ascid- 
ians. Further studies of the distribu- 
tion of metals in ascidians are contin- 
uing (14). 

P. LEVINE* 
Hopkins Marine Station of Stanford 
University, Pacific Grove, California 
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Wave-Guide Modes in 
Retinal Receptors 


Abstract. Retinal receptor wave-guide 
modal patterns have been photographed. 
The inner and outer segments of thé rod 
and cone receptors of albino rats, rhesus 
macaque monkeys, and human _ beings 
have been studied. The wave-guide modal 
pattern is believed to be the normal form 
of energy transfer in these parts of the 
retinal receptors in these species. 


Since 1933, when Stiles and Craw- 
ford (7) discovered the directional sen- 
sitivity of the retina, increased interest 
has been directed toward the optical 
properties of the retinal receptors. In 
the past few years, with the rapid de- 
velopment of fiber optics, the retinal 
receptors have been viewed with in- 
terest because they are, in fact, a func- 
tioning and highly efficient fiber bundle. 
That is, the resolution capacity of the 
retina is essentially limited in the fovea 
by the diameter of the individual re- 
ceptors (2). 

Inasmuch as the diameters of the 
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components of the receptors begin to 
approach the wavelength of light, it 
has been assumed that the inner seg- 
ment, ellipsoid, and outer segment of 
the retinal receptors act as dielectric 
wave guides (3). If this assumption is 
accepted, it then becomes logical to 
look for, identify, and determine the 
role played by wave-guide modal pat- 
terns in the retinal receptors. At this 
time, wave-guide modes have been 
seen (4), they are being identified under 
various conditions, and first thoughts 
have been given to the possible roles 
they play in the visual mechanism (5). 

Electromagnetic waves are guided in 
a wave-guide. The modal pattern shown 
in Fig. 1 is the result of interactions 
which have occurred in the receptor 
acting as a wave guide. A wave-guide 
modal pattern may be defined as a 
distribution of field which propagates 
down a wave guide with a well-defined 
phase velocity. These patterns result in 
a nonuniform distribution of energy in 
the receptor. 

While the apparatus needed for 
visualization of these modal patterns 
is rather simple in principle, the ac- 
complishment of the goal presents 
serious problems. In essence, one 
creates a schematic eye with a piece of 
retina placed in a special chamber (in 
normal saline) and oriented as it might 
be in situ. An intense source of light is 
imaged by a lens upon the retinal tissue. 
Since a modal pattern may change 
when the wavelength, the angle of in- 
cidence of the luminous energy, or 
both the wavelength and angle of in- 
cidence are varied, it is useful to con- 
trol the wavelength composition of the 
light and to insert a diaphragm (analo- 
gous to the iris of the eye) to limit the 
angular subtense of the incident cone 
of light. A microscope is situated above 
the flat retinal preparation, and hence 
one observes the light which has passed 
through the receptors. The limiting 
resolution of the microscope, the 
maintenance of receptor orientation, 
the elimination of vibration effects dur- 
ing time exposures, the graininess of 
the film, and the need for rapid dissec- 
tion of the specimen present the major 
problems to the investigator. 

Similar wave-guide modal patterns 
have been observed by focusing upon 
the outer segments of the receptor of 
albino rat, rhesus macaque monkey, 
and human retinas. All receptors 
studied exhibited the mode form of 
energy transfer. An example of such a 
pattern recorded from a cone receptor 
located in the macula area of a monkey 
is shown in Fig. 1. 

In some receptors the perceived 
modal pattern changes when wave- 
length is varied. The patterns also often 
change when the focal plane within the 
receptor is varied. In any given mosaic 


Fig. ‘1. 
corded from the outer segment of a cone 
in the macula of a monkey. 


A wave-guide modal pattern re- 


of outer segments a dominant modal 
pattern is seen. Some departures from 
the dominant pattern are due to differ- 
ences in diameters, cross-sectional 
shape, and orientation. In all three 
species, when the outer segments of the 
receptor were viewed, only a small 
number of different patterns were seen. 
When the pattern changed as wave- 
length was varied, only one or two 
changes occurred within the range of 
450 » to 600 my. Rods and cones may 
be readily differentiated in monkey and 
human retinas. In some receptors modal 
patterns vary in the intensity of their 
excitation, their transmissivity as a 
function of wavelength, or both. The 
directionality of the retinal receptors is 
readily observed. 

The role(s) played by wave-guide 
modes in vision may be many fold. The 
differential transmissivity of modal pat- 
terns as a function of wavelength ob- 
viously influences the result. The modal 
patterns themselves give rise to regional 
nonuniformities in energy concentra- 
tion in the outer segments of the re- 
ceptor. It is important to know, par- 
ticularly in receptors responsible for 
color vision, whether there are corre- 
sponding nonuniformities in pigment 
concentration (and how many pig- 
ments are involved), or in potential to 
evoke a response. It also becomes nec- 
essary to explore further electro-physio- 
logical and psychophysical correlates. 

At this time it can be said that the 
wave-guide mode form of transmission 
is probably the normal form of energy 
transfer in these species, and that the 
response of a given receptor may be 
modified by the presence of the mode 
form of transmission (6). 

Jay M. ENocH 
Department of Ophthalmology, 
Washington University School of 
Medicine, St. Louis, Missouri 
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Does the Male Stimulate 
Oestrogen Secretion in 
Female Canaries? 


Abstract. Female Border canaries treated 
with oestrogen during the nonbreeding 
season may build nests, regardless of win- 
ter lighting, temperature, and absence of 
partner. Incubation may follow completion 
of the nest although ovulation is sup- 
pressed. Reactions obtained in the breeding 
season suggest that the male does not ini- 
tiate but accelerates oestrogen production 
through the stimulation he provides. 


In seasonally breeding birds cyclical 
aspects of the environment have been 
associated with periodic changes in the 
gonads (J). It is also well known that 
the sequential changes in breeding be- 
havior depend on changes in the 
hormonal state (2). The sequence of 
physiological and behavioral events 
does not depend on one environmental 
factor, but on several which occur 
simultaneously or in succession. Thus 
increasing day-length, a prime factor in 
inducing gonadal growth in many tem- 
perate zone species (3), may be less ef- 
fective unless other changes also occur. 

One factor of importance is the in- 
teraction between male and female (4): 
for example, stimuli from the male are 
important in inducing ovulation in 
female pigeons (5). In domesticated 
canaries nest building and egg laying in 


the spring are delayed when females 
are kept visually isolated from males 
(6). Since nest building can be induced 
by injections of oestrogen (7), it there- 
fore seemed probable that one function 
of the male is to accelerate oestrogen 
production in the female. If this is the 
case, the presence or absence of the 
male should not affect the occurrence 
of nest building if the level of oestrogen 
is controlled. Accordingly, equal quan- 
tities of oestrogen were administered 
during the nonbreeding season to female 
canaries (i) kept in visual isolation from 
males, (ii) paired with untreated males, 
and (iii) paired with males treated with 
androgen. 

Canaries were of the Border variety, 
purchased from a dealer. Eighteen 
females and twelve males were used. 
Three groups of birds were set up as 
follows: Group A, six females housed 
individually and visually isolated from 
other birds. Group B, six females each 
paired and housed with an untreated 
male. Group C, six females each paired 
and housed with a male receiving 2.0 
mg of testosterone propionate three 
times a week. 

All females in each group were given 
0.5 mg oestradiol benzoate (oestroform 
aqueous BDH) in 0.05 cm’* of solution 
injected into the pectoral musculature 
thrice weekly. 

Each cage was supplied with a felt- 
lined nest pan as a nest site. Two bas- 
kets of nesting material, one containing 
grass and the other feathers, were 
hooked to the outside of the cages. The 
baskets were so arranged that the birds 
could peck out grass or feathers at will. 
The supply of grass and feathers was 
replenished daily or when needed. 

Birds were killed after the experi- 
ment to be sure of sex identity. The 
oviducts of the first four birds that com- 
pleted nests regardless of group were 
compared with those of birds from the 
same group which had had an equal 
number of oestrogen injections but did 
not build. 

The testosterone-treated males, un- 
like the untreated ones, were seen to 
sing, show courtship behavior, and 
mount. No attempt to compare quanti- 


Table 1. A comparison of the weights of oviducts after 11 oestrogen injections between birds 
that did (first four birds) and did not build nests. Groups A, B, and C represent females in 
isolation, with untreated males, and with treated males, respectively. 


Built nest No nest 
Group Oviduct Body Oviduct Body 
weight weight weight weight 
(mg) (g) (mg) (g) 
B 30 304 21.6 12 404 21.6 
A 31 454 20.1 27 220 20.8 
Cc 33 284 20.5 1 370 24.0 
A 22 325 22.0 28 424 23.2 
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tatively their sexual activity with that 
of males in the spring was made. 

There were no apparent differences 
between groups in the nest building 
behavior of the females, or in the in- 
terval between the start of oestrogen in- 
jections and the occurrence of nest 
building. The results for each group 
were as follows: 

Group A (isolated females). Four 
out of six showed building activity. 
Three of these built good nests. The 
fourth built an incomplete nest and was 
found to be a male on autopsy. Of the 
three females, each had four injections 
prior to the start of nest building (that 
is, before several scraps of nest ma- 
terial were found in the nest). Nests 
were completed in 7, 7, and 9 days 
from the start of building. The bird 
which took 9 days incubated the egg- 
less nest when it was complete. 

Group B (females with untreated 
males). Three out of six showed nest- 
building behavior after two, seven, and 
eight injections, respectively. Only one 
bird completed a nest, 15 days from the 
start of building activity. The other two 
nests were not completed. The bird 
that completed construction also in- 
cubated the eggless nest. 

Group C (females with testosterone- 
treated males). Two of the six females 
started to build, one after the fourth 
and the other after the sixth injection, 
and completed nests in 6 and 5 days, 
respectively. Only the latter bird in- 
cubated. 

Although only about half of the birds 
in each group built nests, resistance to 
exogenous oestrogens, especially with 
respect to behavioral effects, has fre- 
quently been reported elsewhere (8). 
Indeed, the quantity of hormone re- 
quired to induce nest building under 
the conditions of this experiment can- 
not be withstood by some individuals 
(7). That the oestrogen was effective 
in influencing reproductive accessories 
even when it did not induce nest build- 
ing was shown by observations of 
oviduct weight. Table 1 shows that 
these were comparable for birds that 
did and did not construct nests after 
equal numbers of injections. 

These results indicate that during the 
nonbreeding period exogenous oestro- 
gens will cause female canaries to 
show nest-building behavior with equal 
rapidity whether they are paired with 
a male or not, even if the male is show- 
ing courtship behavior. Thus neither 
the visual presence of the male, nor the 
temperature and light conditions of 
spring, are necessary for nest-building 
activity, providing certain levels of 
oestrogen are reached. These results 
thus support the view that, during the 
breeding season, the male acts together 
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with other environmental changes to 
elevate oestrogen levels in the female. 
The fact that some females may even- 
tually build nests in the spring without 
a male (6) suggests that the male does 
not initiate oestrogen production, but 
rather accelerates it so that levels suf- 
ficient to ensure nest building are 
reached early in the season. 

Since exogenous oestrogen restricts 
hypophyseal secretion of gonadotro- 
phins and thereby suppresses ovarian 
growth, the birds treated with the 
hormone did not lay eggs after nest 
building. However, one bird from each 
of the treated groups showed incuba- 
tion behavior after completion of the 
nest. Incubation is easy to identify be- 
cause, once it is firmly established, the 
female can actually be picked out of 
the nest; birds which are not incubating 
rarely sit in the completed nest, and if 
they do they fly from the nest as soon 
as the cage door is opened or a hand 
approaches them. 


This incubation of the eggless nest 


indicates that eggs or egg-substitutes are 
not essential for incubation to occur. 
Nor is ovulation a sine qua non for in- 
cubation. That nest construction is not 
a prerequisite for ovulation has pre- 
viously been shown. In the spring birds 
may ovulate (albeit delayed beyond the 
normal period), if they are prevented 
from building nests, and may even show 
incubation behavior (9). 

Proper timing of the physiological 
changes associated with the successive 
phases of reproduction is essential for 
successful breeding. If young are to be 
raised and fledged at the biologically 
correct time, the proper hormonal 
states must occur appropriately. It is 
clear that none of these changes de- 
pend on single factors—rather, in each 
case a number of factors act synergisti- 
cally to promote the next stage. In the 
absence of all the appropriate factors, 
those present may be effective if they 
continue to act over a long period. Thus 
incubation may occur without ovula- 
tion and even without a nest (0). 

ROSLYN WARREN* 
R. A. HINDE 
Department of Zoology, 
Cambridge University, 
Madingley, Cambridge, England 


References and Notes 


1. W. Rowan, The Riddle of Migration (Wil- 
liams and Wilkins, Baltimore, 1931); A. J. 
Marshall, Bower-Birds, Their and 
Breeding Cycles: A_ Preliani t 
(Oxford Univ. Press, New York, 1954). 

2. A. J. Marshall, Ibis 101, 456 (1959). 

D. S. Farner, in Photoperiodism and Related 

Phenomena in Plants and Animals, R. B. 

Withrow, Ed. (AAAS, Washington, D.C., 

1959), p. 717. 

4. F. H. Herrick, Brit. J. Animal Behaviour 1, 
159 (1911). 

5. L. H. Matthews, Proc. Roy. Soc. London 
B126, 557 (1939). 


» 


28 APRIL 1961 


6. R. P. Warren and R. A. Hinde, “Roles of 
the male and the nest cup in controlling 
the reproduction of female canaries,” Ani- 
mal Behavior, in press. 

, Animal Behaviour 7, 209 (1959). 

8. J. T. Emlen and F. W. Lorenz, Auk 59, 
369 (1942); G. K. Noble and M. Wurm, 
Endocrinology 26, 837 (1940); H. H. Shoe- 

« maker, Proc. Soc. Exptl. Biol. Med. 41, 
299 (1939). 

9. R. A. Hinde and R. P. Warren, Animal Be- 
haviour 7, 35 (1959). 

10. This research was supported in part by the 

Air Force Office of Scientific Research, Air 

Research and Development Command, U.S. 

Air Force, through its European office. 

Present address: Department of Zoology, 

Howard University, Washington, D.C. 


27 December 1960 


Specificity of Discrimination 
Learning to the Original Context 


Abstract. Rats learned a_ black-white 
discrimination at one location in a maze. 
Subsequently, most rats required over half 
as many trials to learn the same discrimin- 
ation when it was placed in another loca- 
tion in the maze. Additional evidence was 
consistent with the assumption that the 
relevant cues are, in effect, modified by 
interaction with the contextual stimuli. 


The fact that a change in the back- 
ground contextual environment pro- 
duces some disruption in the perform- 
ance of learned behavior is widely 
recognized. However, there are not 
many clear-cut demonstrations of this 
fact, particularly in a laboratory setting. 
The purpose of this report is to describe 
a striking and somewhat unexpected 
instance encountered during research 
designed for other purposes. 

Rats were being run in a maze whose 
floor plan is shown in Fig. 1. As de- 
picted, if the rat turned to the right 
after leaving the start box, it would 
take two additional right turns and 
then arrive at a second choice point 
displaying a black-white discrimination 
problem. That is to say, reward at the 
goal was contingent on the rats’ select- 
ing, let us say, the black swinging door 
regardless of its position at that choice 
point. 

If, alternatively, the rat turned to the 
left after leaving the start box, it would 
take two additional left turns and then 
be forced to take a left (or, on half of 
the trials, a right) turn through a grey 
swinging door. Frequency of reward in 
this case was matched to the level of 
success on the discrimination problem. 
Specifically, when early in training the 
rats had strong position preferences at 
the discrimination choice point, so that 
they were obtaining reward on that 
half of the trials when the positive cue 
was in their preferred position, they 
were also rewarded on half the trials 
in the other wing of the maze. Sub- 
sequently, as the rats mastered the dis- 


crimination problem in the right wing 
of the maze, the reward frequency in 
the left wing rose correspondingly. 
Throughout, the reward was arranged 
so as to be nondifferential with respect 
to position at any choice point. 

The data of immediate interest arose 
when, in order to evaluate the strength 
of the general preference for the non- 
discrimination wing of the maze, the 
location of the discrimination was 
changed to the left wing of the maze. 
It was expected that, after perhaps a 
slight disruption, the animals would 
transfer their previous learning. As will 
be seen, however, the degree of transfer 
was small. 

Eight hooded rats were run on the 
problem schematized in Fig. 1, some 
with white positive and some with 
black, and some with the discrimina- 
tion in the right wing and some with 
it in the left wing. The maze was il- 
luminated by six 7-watt bulbs spaced 
equally 1 foot above the maze to 
minimize differential extra-maze cues. 
The rats were run after 23 hours’ dep- 
rivation on a 12 g/day maintenance 
schedule and were given four 45-mg 
pellets as reward when appropriate. 
Both free and forced trails were given 
at the first choice point to equate the 
number of runs in each wing. All trials 
at the discrimination choice point were 
free, and all trials at the nondiscrimina- 
tion choice point were forced in such 
a way as to insure equal and non- 
differential reinforcement. The number 
of trials given in the original problem 
varied, but all rats used in the experi- 
ment had attained a criterion of 15 cor- 
rect choices out of 16 at the discrimina- 
tion choice point before its location 
was changed to the opposite wing. 

One rat showed essentially perfect 
transfer in that it met the above crite- 
rion in its first 16 trials with the dis- 
crimination in its new location. The 
other rats, however, adoptec position 
responses, their savings scores being 56, 
32, 31, 28, 19, 15, and 13 percent. The 
median number of trials to learn the 
original discrimination was 424. The 
median number of trials to learn the 
same discrimination in its new position 
was 280. 

Two somewhat different (though not 
incompatible) interpretations of the 
role of context might be advanced to 
account for this finding. According to 
one, contextual stimuli interact with 
the relevant cues, modifying them by 
patterning so that a change in context 
changes the pattern and hence disrupts 
performance. That is to say, a white 
door in the right wing of the maze is 
different from the same white door in 
the left wing, and there is a generali- 
zation decrement when shifting from 
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Fig. 1. Floor plan of the maze. The swinging doors in the right wing were black or 
white so as to present a brightness discrimination problem. The swinging doors in the 
left wing were grey, and the rat was forced by a closed guillotine door to turn right 


or. left. there. 


one to the other. In the present case, 
then, the rats were, in effect, faced with 
a different discrimination problem. 

The second interpretation assumes 
that discrimination learning requires, at 
least in part, that the subject learn to 
look at, attend to, or perceive the 
relevant cues, and the role of context 
is to elicit these perceptual responses. 
In the present case, then, the context 
in the left wing had not trained the rat 
to attend to the brightness of the doors; 
indeed, any such tendency generalized 
from the right wing would have been 
extinguished because brightness was not 
differentially reinforced on that side. 

Three additional observations bear 
on these conceptions. First, the percep- 
tual approach could handle very sudden 
learning of the discrimination in its 
new location because, once the per- 
ceptual response came in, the subject 
could perform perfectly the task he 
had previously solved. In fact, although 
the transition from position habit to 
correct preference was fairly abrupt, 
it was not noticeably more so in the 
new location than it had been in the 
original location. All animals continued 
to err occasionally for a number of 
trials after they first broke from their 
preferred position, as would be ex- 
pected from the patterning interpreta- 
tion. 

Secondly, according to the perceptual 
interpretation, attending to the bright- 
ness of the doors in the original wing 
would be extinguished during the re- 
versal training because reward was no 
longer differential there. This would 
lead to a comparable difficulty in trans- 
fer during a second reversal when the 
discrimination problem again appeared 
in its original location. In fact, all of 
the five rats tested in this way trans- 
ferred essentially perfectly, performing, 
as the patterning approach would de- 
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mand, correctly when the original 
stimulus complex reappeared. 

Finally, if rats are trained on the 
discrimination problem in the right 
wing without also being run in the 
left wing, then the perceptual approach 
could account for near-perfect transfer 
when the rats first run and encounter 
the discrimination problem in the left 
wing. This derivation assumes that the 
attending response should generalize 
and would not have been extinguished 
by nondifferential reinforcement. In 
fact, three rats run through this se- 
quence had transfer scores of 78, 72, 
and 51 percent. These scores, while 
perhaps somewhat larger than those 
obtained after the original procedure, 
are in line with what one would expect 
from the patterning approach, since the 
stimulus change should be essentially 
the same in either case, but the original 
procedure should make it somewhat 
more difficult to break up position pref- 
erences. 

It should be clear that these results 
do not show that perceptual behavior 
is not involved in this type of discrim- 
ination situation, and certainly condi- 
tions could be devised that would re- 
quire characteristic receptor-orienting 
behavior in particular contexts. The 
results do show that position prefer- 
ences are not eliminated by extensive 
nondifferentially reinforced forced oc- 
currences of the alternative responses, 
and they are generally consistent with 
the assumption that the relevant cues 
in a discrimination interact with the 
contextual stimuli and are modified 
by this interaction in such a way that 
changing the context effectively also 
changes the relevant cues. 

FRANK A. LOGAN 
Department of Psychology, Yale 
University, New Haven, Connecticut 
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Perceived Movement in Depth as 
Function of Object Luminance 


Abstract. Thresholds for the binocular 
and monocular perception of movement in 
depth for a circular stimulus object de- 
creased as target luminance was increased 
to 0.1 ft-lam. Above 0.1 ft-lam little change 
in threshold was observed. Superiority of 
binocular over monocular conditions de- 
creased with higher luminances. 


This report deals with the ability of 
human subjects to perceive whether an 
object, viewed in an otherwise totally 
dark field, is approaching or receding 
as a function of the luminance of the 
object for various durations of observa- 
tion under binocular and monocular 
viewing conditions. Renewed interest in 
this area of research results from an 
analysis of anticipated visual skills re- 
quired in certain manned space vehicle 
operations. The stimulus object was a 


circular, electroluminescent lamp, 3.5 


in. in diameter. It was mounted on a 
cart which traveled on tracks, either 
directly toward or away from the sub- 
ject, at a constant speed of 3.3 in./sec. 
The stimulus lamp was energized when 
the cart supporting the target crossed a 
microswitch. At this point the stimulus 
lamp was 25 ft from the subject and 
subtended a visual angle of 40 min of 
arc. The angular subtense of the 
stimulus, depending on whether it 
moved toward or away from the sub- 
ject, increased or decreased at an initial 
rate of approximately 12 min of arc per 
second. The lamp, depending on the 
experimental condition, had a lumi- 
nance of 0.001, 0.01, 0.1, or 1.0 ft- 
lam. The nine durations of exposure 
used were 0.6, 1.2, 1.8, 2.7, 4.2, 6, 9, 
13.2, and 19.8 sec. Only six durations 
were used for a given luminance condi- 
tion, the shorter six durations being 
used for the higher luminance levels. 

Four adult subjects with several 
hours of familiarization training in the 
task were used in a 4 by 4 Latin-square 
design. The subjects, run individually, 
were allowed to adapt to the dark for 
15 min prior to an experimental ses- 
sion. Each experimental session con- 
sisted of 25 trials at each of six ex- 
posure durations for a given luminance 
and viewing (monocular or binocular) 
condition. An experimental session 
lasted about 90 min. Each subject had 
each luminance condition twice for 
each viewing condition, requiring a 
total of 16 sessions and yielding 2400 
observations per subject. 

The experiment was conducted in a 
light-tight room 50 by 20 ft with a 12- 
ft ceiling. The walls and ceiling were 
covered with a black matte flocking 
material to minimize reflected illumina- 
tion. During the experiment the subject 
was seated in a booth and was provided 
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Fig. 1. Accuracy of detecting movement in 
depth as a function of the observed distance 
traveled for four luminance levels. The 
50-percent value on the ordinate represents 
chance performance. The curves are the 
average for binocular and moncular con- 
ditions. Each point is based on 400 obser- 
vations. 


with a chin rest adjusted so that he 
could view the stimulus object through 
an aperture in the front of the booth. 
This arrangement provided direct 
visibility of the stimulus object in an 
otherwise totally stimulus-free visual 
field. The subject was alerted a few 


seconds prior to each trial presentation. © 


The stimulus object then appeared for 
a controlled duration. The subject re- 
sponded with a two-way throw switch 
to indicate whether the object appeared 
to approach or recede. Subjects were 
not informed of the correctness of their 
responses. A _ two-category, forced- 
choice method was used—that is, the 
subject had to respond with his best 
guess. The order of presentation 
(whether the object approached or re- 


MONOCULAR 


% DISTANCE TRAVELLED 


BINOCULAR 


oo AC 
LUMINANCE IN FOOT LAMBERTS 


Fig. 2. The percentage distance traveled 
tequired for 75-percent correct detection of 
movement in depth as a function of lumi- 
nance level for monocular and binocular 
viewing conditions. 
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ceded) was selected from a table of 
random numbers, but was controlled 
so that each condition appeared an 
equal number of times. 

Some of the results showing the 
percentage of correct observations as 
a function of the percentage of the 
original distance traveled for the fovr 
luminance levels used in the study are 
presented in Fig. 1. The percentage 
distance traveled is directly propor- 
tional to observation duration and, for 
the range of values involved, it ap- 
proximates percentage change in visual 
angle subtense of the stimulus object. 
The curves shown are the average 
curves for both binocular and monocu- 
lar vision. The 50-percent value on the 
ordinate represents chance performance, 
since with no information the subject, 
by guessing, would be correct about 50 
percent of the time. 

The data shown are for the average 
of the measures for conditions when 
the stimulus approached and receded. 
Although each condition occurred an 
equal number of times, on 51.9 percent 
of the observations the subjects re- 
ported that the object was approaching. 
This small, though statistically signifi- 
cant bias, may indicate that when the 
object approached, the movement in 
depth was more easily perceived than 
when it receded for any given observa- 
tion duration. This would be expected 
because a slightly greater visual angle 
change occurs per unit time when the 
object is approaching than when it is 
receding. Also, there may have been 
a response preference independent of 
the stimulus conditions which would 
account for this small bias. 

Figure 2 presents the percentage dis- 
tance traveled required for 75-percent 
correct detection of movement in 
depth as a function of luminance for 
monocular and binocular viewing con- 
ditions. The percentage distance trav- 
eled required for 75-percent correct de- 
tection decreases with increasing lumi- 
nance up to 0.1 ft-lam. The further 
luminance increase to 1.0 ft-lam does 
not affect binocular performance and 
only slightly lowers thresholds for 
monocular performance. This finding 
is in general agreement with studies of 
other visual functions as they relate to 
luminance (J). 

The marked superiority of the bin- 
ocular over the monocular viewing con- 
dition for the lower luminances is not 
easily accounted for. Since no other 
stimuli were in the visual field, disparity 
cues were not present and convergence 
cues could contribute very little, if any, 
information for the viewing distances 
involved. The only reasonable cue 
available for discriminating the move- 
ment in depth was the change in retinal 
image size in time. Conceivably, bin- 


ocular summation of the stimulus 
energy could account for at least part 
of the superiority of the binocular con- 
dition at the lower iuminance levels (2). 
Smith (3) found a definite superiority 
for binocular over monocular viewing 
in a similar visual task. However, Smith 
used luminance levels in the order of 
the higher levels used in the present 
study, and at these luminance levels 
binocular summation of energy should 
contribute little, if any, improvement. 
An analysis of the superiority of bin- 
ocular over monocular visual acuity has 
been reported elsewhere (4). 

No improvement in performance was 
evident with the practice afforded dur- 
ing the course of the experiment. The 
intersubject variability in the perform- 
ance of this task was considerable at 
the lower two luminances, but was 
small for the higher two luminances. 

CHARLES A. BAKER 
WILLIAM C. STEEDMAN 
Behavioral Sciences Laboratory, 
Wright Air Development Division, 
Wright-Patterson Air Force Base, Ohio 
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Auxin Gibberellic Acid 
Interaction in Controlling the 
Hypocotyl Growth in Seedlings 


Abstract. High concentrations of indole- 
3-butyric acid, when applied at a concen- 
tration of 100 to 200 parts per million 
(ppm) to presoaked seeds, cause a marked 
inhibition of hypocotyl length in the seed- 
ling growth of Phaseolus mungo var. T-2. 
Gibberellic acid, when applied at a con- 
centration of 5 ppm, quantitatively re- 
versed this inhibition. It is suggested that 
the interaction between these two growth 
substances controls the morphogenetic dif- 
ferentiation in regard to hypocotyl forma- 
tion in seedling growth. 


Interactions of growth substances are 
known to regulate the morphogenetic 
changes as the production of roots or 
buds in the tobacco pith callus tissue 
(J) and the growth of the preformed 
buds in the pea stem sections (2). Kuse 
(3) showed that both auxin and gib- 
berellin were required for the growth 
of the petiole in the leaves of Ipomea 
batatus Cv. Norin No. 1, and Skinner 
et al. (4) brought forward evidence that 
interactions between gibberellins and 
substituted purines indeed control seed 
germination. The phenomenon of the 
different mode of seedling growth in 
different genera of the same plant 
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Fig. 1. Changes in the hypocotyl length at different growth periods as affected by dif- 
ferent concentrations of indole-3-butyric acid (IBA) treatment (A), the reversal of 
inhibition in length caused by gibberellic acid with a concentration of 100 ppm of IBA 
(B), fresh weight changes (C), and dry weight changes (D). Curves marked with a 
single < and a circled x, 3 days in two experiments; open circles, 4 days; circle with 
vertical line, 7 days; solid circles, 8 days. In B, the circled x has been used for 7 days. 


family has not yet received the atten- 
tion of the biologists. The reason as to 
how a pronounced hypocotyl is formed 
in certain cases carrying the cotyledons 
above the surface of the soil (that is, 
showing epigeal seedling growth) and 
how in other cases the cotyledons re- 
main submerged inside the soil and the 
shoot emerges with its first leaves (that 
is, showing hypogeal seedling growth) 
has not yet beerf explained. Morpho- 
logically the hypocotyl region exists in 
the latter form, too, although much re- 
duced (5). 


The present investigation was under- 


taken when. it was observed that, when 
seeds of Phaseolus mungo var. T-2 
were -treated with high concentrations 
of indole-3-butyric acid at a concentra- 
tion of 100 to 200 ppm, there was a 
marked reduction of the hypocotyl— 
so much so that the seedlings in some 
cases appeared almost hypogeal in na- 
ture. The shortening of the hypocotyl 
was almost completely reversed by low 
concentrations of gibberellic acid, par- 
ticularly at concentrations of 5 ppm. 


Figure 1A shows the effect of various ~ 


concentrations of indole-3-butyric acid 
on the length of the hypocotyl at various 
growth periods. Up to the third day 
after germination the increasing con- 
centration of the acid showed an in- 
hibitory effect on the length of the 
hypocotyl. From the fourth day on- 
ward, however, to the seventh and 
eighth days, the concentrations ranging 
from 1 to 25 ppm showed a promotive 


1358 


effect on the length of the hypocotyl 
over the control. This suggested that 
some substance produced by the cotyle- 
dons or the growing first leaves at this 
stage of growth interacted with the ex- 
ternally applied hormone to give this 
promotive effect and that during the 
first three days more auxin than the 
other substance was being produced so 
that the externally applied auxin raised 
this to the inhibitory level. If this were 
true, then the gibberellic acid alone, 
when given to the presoaked seeds, 
would give stimulation at the third day 
and no change or an inhibition of the 
hypocotyl length at the seventh or 
eighth day. This indeed has been found 
to be so. The application of gibberellic 
acid (GAs) alone, given for 3 hours to 
the previously soaked seeds, gave values 
(in millimeters) on the third day-as fol- 
lows: control, 26.0 mm; 1 ppm GAs, 
27.7; 2.5 ppm GAs, 29.1; 10 ppm GAs, 
17.4; 20 ppm GAs, 21.3; and 50 ppm 
GAs,_ 24.2. mm. On the seyenth day 
the values were: control, 41.1; 1 ppm 
GAs, 39.1; 2.5 ppm GAs, 34.8; 10 
ppm GAs, 35.0; 20 ppm GAs, 36.5; and 
50 ppm GAs, 40.0. Gibberellic acid in- 
deed is known to give an additive effect 
with auxin in the growth of the pea 
stem sections (6). Higher concentra- 
tions of indole-3-butyric acid, like those 
of 50, 100, and 200 ppm _ showed 
marked inhibitions however. 

A concentration of 100 ppm of in- 
dole-3-butyric acid was used as the 
inhibitory hormone concentration in 


further experiments for two reasons. 
First, this concentration did not result 
in the abnormal callus formation on the 
cotyledons, and, second, it was not toxic 
for the growth of the seedling and yet 
it resulted in marked inhibitions of 
hypocotyl length. 

Figure 1B shows the effect of dif- 
ferent concentrations of gibberellic 
acid when given to the seeds in com- 
bination with indole-3-butyric acid at a 
concentration of 100 ppm. The treat- 
ment was given for 3 hours. The re- 
sults plotted are those obtained in two 
separate experiments. It will be seen 
that, although all the concentrations of 
gibberellic acid reverse the inhibition to 
a certain degree or the other, it is al- 
most quantitatively reversed by a con- 
centration of 5 ppm of gibberellic acid 
and at all the periods on which the 
growth measurements were made. Fur- 
ther it will be noted that the reversal 
has been almost complete not only in 


relation to length (Fig. 1B) but also in | 


regard to the fresh and dry weights of 
the hypocotyl (Fig. 1, C and D). 

Although the length of the hypocotyl 
is closely paralleled by changes in the 
fresh weight at 4 and 8 days of seedling 
growth, the dry-weight changes show 
an interesting result. Both the length 
and the fresh weight of the hypocotyl 
on the eighth day, in the case of 5 
ppm of gibberellic acid given with 100 
ppm of indole-3-butyric acid, is about 
175 to 200 percent to that of the fourth 
day, the dry weight showing almost no 
change. This would indicate that growth 
during this period has been chiefly be- 
cause of cell enlargement causing 
elongation of the cells of the hypocotyl 
and increase in the: fresh weight; this 
indication fits in very well with the 
gibberellic acid effect. 

The possibility of any such reversal 
of the inhibition with kinetin was then 
tested. The values of hypocotyl length 
obtained for kinetin concentrations of 
1, 2.5, 5.0, and 10.0 ppm, when given 
in combination with indole-3-butyric 
acid at a concentration of 100 ppm, 
averaged about 5 mm in all the cases 
on the fourth day, exactly paralleling 
the figure obtained for indole-3-butyric 
acid alone. The hypocotyl of the un- 
treated control seedling measured 20.4 
mm. On the eighth day the values ob- 
tained were: control, 32.2 mm; 100 
ppm of indole-3-butyric acid, 21.2 mm; 
indole-3-butyric acid plus kinetin, 18.6, 
19.3, 21.7, and 24.0 mm, respectively, 
at kinetin concentrations of 1, 2.5, 5.0, 
and 10.0 ppm. The concentrations of 
kinetin used in these experiments did 
not reverse the inhibition of the hy- 
pocotyl produced by indole-3-butyric 
acid. 

From these results it can be con- 
cluded that high auxin and probably 
very low gibberellic acid concentration 
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in the germinating seeds would result 
in the hypogeal type of seedling growth, 
while low auxin and relatively high 
gibberellic acid concentration would 
result in the epigeal type of seedling 
growth. Indeed gibberellic acid is being 
considered as one of the naturally oc- 
curring growth regulators (7) since it 
has been extracted from numerous 
plants and from various types of plant 
tissues (8). 

M. M. Latoraya 

S. A. Nagvi 

Department of Botany, University 
of Allahabad, Allahabad, India 
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Giant Desiccation Fissures on 
the Black Rock and Smoke 
Creek Deserts, Nevada 


Abstract. Open fissures, from 100 to 
several hundred feet apart, that have pro- 
duced polygonal patterns on the Black 
Rock Desert, Nevada, are believed to be 
giant desiccation cracks resulting from a 
secular trend toward aridity in the last 
few decades. Similar features on the Smoke 
Creek Desert probably have the same 
origin. 

A system of open fissures that divides 
a part of the playa of the Black Rock 
Desert into large polygonal blocks was 
investigated in June 1960 and again 
October 1960 (1). The fissured area 
was photographed from the air in Oc- 
tober 1960 (Fig. 1), when other exten- 
sive fissured areas on both the Black 
Rock and nearby Smoke Creek Deserts 
were observed. 

The system of fissures on the Black 
Rock Desert that was studied on the 
ground commences abeut 20 miles 
north of Gerlach on the desert road be- 
tween Gerlach and Summit Lake and 
extends northward about 5 miles along 
the northwestern margin of the playa. 
The system is 1 to 2 miles wide. The 
fissures range from less than an inch to 
about 2 feet in width; in general, the 
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narrower fissures are open to the great- 
est depths (Fig. 2). The fissures appear 
to be vertical, and some are open to 
depths in excess of 4 feet. Minor ir- 
regularities in the fissure walls prohibit 
visual estimation of the depth of many 
of the narrow fissures. The fissures in- 
tersect to form an orthogonal network 
dividing the playa into blocks with edges 
from 100 to 250 feet long. The widest 
and oldest fissures, which are generally 
shallow because of slumpage of mate- 
rial into the opening, form a master net- 
work several times as large as the in- 
dividual rectangular blocks which ap- 
pear to have developed by progressive 
subdivision of the larger blocks. 

The fissures on the Black Rock Des- 
ert are generally confined to the per- 
iphery of the playa, and the fissured 
areas are generally elongated parallel to 
the edge of the playa. In some fissured 
areas there is a preferred orientation of 


Fig. 1. Oblique aerial photographs of desiccation fissures on the Black Rock Desert, 


master fissures approximately parallel 
to the edge of the playa (see Fig. 1A), 
but in other areas no preferred orienta- 
tion was noted. 

The fissures are believed to be very 
recent; some fissures seem to be ex- 
tending into unfissured ground at the 
present time (Fig. 1B). Faint drainage 
features in the fissured areas can be 
identified on 1:20,000-scale aerial pho- 
tographs of the area northeast of Ger- 
lach taken for the Soil Conservation 
Service from 10:00 to 10:20 a.m., 21 
July 1954, and at 11:06 am. on 9 
September 1954; however, fissures can- 
not be identified on these photographs. 
Although narrow fissures might not 
have produced wide enough shadows to 
be resolved on the 1954 photographs, 
the present fissures were clearly visible 
from the air between 9:30 and 10:00 
A.M., 20 October 1960 (Fig. 1) and 
could be seen for distances of several 
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SN 


Nevada. Scale is approximate. (A) Master fissures approximately parallel to periphery 
of playa. (B) Master fissures extending from polygonal ground into unfissured ground. 
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miles. One of us (R.W.) traveled the 
desert road between Gerlach and Sum- 
mit Lake in the spring of 1957 and did 
not observe fissures in the 5-mile long 
area which is now strongly fissured; an 
alternate road now bypasses this fis- 
sured area. 

Most of the fissures on the playa of 
the Smoke Creek Desert, although 
studied only from the air, appear to be 
older than those on the Black Rock 
Desert. The polygonal ground is more 
widespread on the Smoke Creek Desert, 
but open fissures were observed at only 
a few places. The older fissures appear 
to have been filled either by slumpage, 
flooding, or wind-blown sand. Lines of 
vegetation mark the polygonal blocks in 
one area at the north end of the Smoke 
Creek Desert. The polygonal ground 
at this locality looks much like that 
of the playa of the Animas Valley in 
New Mexico which was first described 
by Lang (2) and later illustrated by 
Black (3) and Knechtel (4). 

The large preponderance of ortho- 
gonal intersections and the evidence of 
progressive subdivision, both features 
of common mud cracks, suggest that the 
fissures are developing slowly under a 
progressively increasing stress. The 
large distance between the fissures indi- 
cates that the fissures and the stress pro- 
ducing them extend to considerable 
depths (5). We believe that they are 
produced by a gradual reduction in 
volume caused by progressive desicca- 
tion of the playa. This is probably the 
result of a long-term decrease in the sup- 
ply of surface and ground water from 
the extensive drainage systems which 
flow into the Black Rock and Smoke 
Creek deserts. Rainfall and stream run- 
off data presented by Antevs (6) for the 
Great Basin indicate that a general 


Fig. 2. Open fissure on Black Rock Desert. 
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period of dry climate commenced be- 
tween 1910 and 1920, and recent 
Weather Bureau records show no im- 
portant reversal in this dry trend. 

It is likely that large desiccation fis- 
sures will continue to develop on these 
and other playa lakes of the arid west 
unless there is a change toward a 
moister climate (7). 

RONALD WILLDEN 

Don R. MABEY 
U.S. Geological Survey, 
Menlo Park, California 
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Reactivation of Rabies 
Virus Infection with 
Adrenocorticotropic Hormones 


Abstract. A guinea pig inoculated intra- 
muscularly with rabies street virus sur- 
vived for 5 months, but developed paralysis 
in the inoculated limb and died of rabies 
after treatment with adrenocorticotropic 
hormone. 


On 30 November 1959, a group of 
34 guinea pigs, being used for a rabies 
vaccine potency test, was challenged 
with 0.1 ml of a 1 xX 10° dilution of 
rabies street virus (salivary gland) given 
intramuscularly in the right thigh 
muscle. Twelve of these animals had 
not been immunized previously with 
rabies vaccine; they served as controls. 
The challenge virus was obtained from 
the submaxillary glands of a spotted 
skunk, Spilogale putorius. The LDs. was 
1 X 10“ in adult mice and 1 x 10°‘ 
in infant mice when inoculated intra- 
cerebrally (0.015 ml). This virus has 
not been adapted to brain tissue by in- 
tracerebral passage; it was obtained 
from a naturally infected spotted skunk 
and subpassed by intramuscular inocu- 
lation in spotted skunks (/). 

One control guinea pig died 23 days 
after inoculation, and brain material 
from this animal proved to be negative 
for rabies virus. Five of the remaining 
animals developed rabies and died after 
incubation periods of 37, 37, 40, 47, 
and 56 days, respectively. The cause of 
death was proved in each instance to 
be rabies by subpassage of brain ma- 
terial into mice and by demonstration 
of Negri bodies in the brain tissue of 
the infected mice. One other guinea 
pig exhibited signs of central nervous 


system stimulation, such as hyperexcita- 
bility and muscular hypertonicity, be- 
ginning 38 days after inoculation, but 
recovered. 

Twenty weeks after inoculation with 
rabies virus the six remaining control 
guinea pigs appeared to be healthy. 
Blood samples were collected from 
each of these animals, and the serum 
was tested, individually, for evidence 
of neutralizing antibodies against rabies 
virus. Some degree of protection in a 
neutralization test in mice was demon- 
strated by three of the guinea pigs, Nos. 
3, 4, and 6. Guinea pigs Nos. 1, 2, and 
5 presented no demonstrable neutral- 
izing antibodies to rabies virus. 

All of the six control animals were 
given a course of adrenocorticotropic 
hormone (H. P. Acthar Gel, Armour 
and Co., 40 units per cubic centimeter) 
to determine if this procedure would 
reactivate rabies virus which might be 
residing in the host’s tissues. Beginning 


on 20 April 1960 each received 0.25 ° 


ml (10 units) of the hormone sub- 
cutaneously in the abdominal region at 
48-hour intervals. 

After three injections of this drug 
and 7 days after the start of treatment, 
one guinea pig (No. 2) exhibited weak- 
ness in the right hind leg. This was the 
same limb used for the original intro- 
duction of rabies virus. Injections of 
adrenocorticotropic hormone were con- 
tinued, and paralysis, of an ascending 
type, progressed. By the 9th day after 
the hormone treatment was. started, 
complete paralysis of both hind legs 
was present. This animal died on 2 
May 1960, 154 days after inoculation 
with rabies virus and 13 days after 
initiation of the hormone injections. 

Portions of the brain, salivary glands, 
and spinal cord from this animal were 
excised and prepared for mouse pas- 
sage. Each tissue was tested in sepa- 
rate groups of eight adult mice. Rabies 
virus was isolated from the brain, but 
not the spinal cord or salivary glands. 
The minimum incubation period in 
mice was 15 days. Brain smears from 
inoculated mice were Negri and fluores- 
cent rabies antibody positive. 

The remaining five control guinea 
pigs developed no apparent illness and 
were killed in the middle of May. 

The observation presented here sug- 
gests a method whereby rabies virus 
may be reactivated in the tissues of a 
host by adrenocorticotropic hormone. 
Of interest is the fact that the animal 
that developed rabies after treatment 
with the hormone had no demonstrable 
virus-neutralizing antibody in the blood, 
as determined by the mouse neutrali- 
zation test. 

Other evidence showing that a latent 
virus infection can be activated by 
chemical means, in this case adrenalin, 
has been presented recently by Schmidt 
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and Rasmussen (2). Rabbits, partially 
immunized against and then challenged 
with herpes simplex virus, were main- 
tained in an apparently healthy state 
for periods of 24 to 160 days and then 
placed upon a course of adrenalin in- 
jections: a fatal herpetic encephalitis 
developed within 2 weeks in six of ten 
rabbits so treated (3). 
ORLAND A. SOAVE* 
HARALD N. JOHNSON 
KorcHt NAKAMURA 
Viral and Rickettsial Disease 
Laboratory, California State 
Department of Public Health, Berkeley 
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An Advancing Glacier in Canada 


Abstract. The Commander Glacier, in 
the Purcell Range of interior British 
Columbia, advanced 810 + 50 feet in the 
6 years 1954-1960. The advance may be 
a response to a general cooling trend pre- 
viously noted elsewhere in the Pacific 
Northwest. 


The glaciers of the Canadian Cor- 
dillera have, at least until very recently, 
been following the world-wide pattern 
of very rapid shrinkage. The best re- 
cent evidence comes from a detailed 
study of eleven glaciers in the Canadian 
Rocky Mountains in 1953 (J, 2). All 
had receded markedly between 1910 
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and 1950 and were continuing to re- 
treat. In contrast, the Commander Gla- 
cier in British Columbia made a sig- 
nificant advance between 1954 and 
1960. So far as is known this is the 
first glacier in interior Canada for 
which an advance has been noted. 

The Commander Glacier lies west 
of the Canadian Rocky Mountains in 
the central Purcell Range of British 
Columbia, 100 miles north of the 
United States border. A brief gia- 
ciological study of this glacier was 
carried out by one of us in August 
1954 (3), during the Harvard Moun- 
taineering Club Purcell Range Expe- 
dition. The glacier is now primarily 
a cirque glacier, which occupies a 
northward-facing valley protected on 
the south and east by Mount Maye, 
Mount Commander, Mount Cleaver, 
and the Guardsmen, all peaks of 
10,000 to 11,000 feet elevation. Its 
greatest length is 212 miles, and the 
total area covered by ice is about 4 
square miles. Tree-ring dating indi- 
cates that the glacier reached its maxi- 
mum recent extent at about 1820-50, 
when it xtended well into the valley 
beyond it’ present cirque basin. The 
total recession from the 1820-50 ter- 
minal moraine to the ice front in 1954 
was 6180 + 100 feet. Most of this re- 
cession took place between 1915 and 
1947, since photographs taken in 1915 
show that the glacier extended nearly 
to its terminal moraine. The glacier was 
photographed from the air in 1947 and 
again in 1953. Little net change in the 
area covered by ice took place between 
1947 and 1954, but in 1954 the ice 
front was thickened and was quite 
active. 

In August 1960 we remeasured the 
glacier by using fixed points estab- 
lished in the 1954 survey. The glacier 
has advanced 810 + 50 feet since 


1954, or an average of about 130 feet 
per year. Advance has taken place 
generally along the entire ice front, but 
is especially pronounced on the west, 
near the true left (west) lateral mo- 
raine. Most of the area underlying the 
recent advance now -appears to be 
buried beneath at least 100 feet of ice. 
Blocks of ice were still tumbling from 
the front of the glacier in 1960, but the 
activity seemed less pronounced than 
it was in 1954. 

Glaciers have been generally ad- 
vancing throughout the Cascade and 
Olympic mountains of Washington 
state since 1950 (4), although advance 
may have slowed or ceased since 1958. 
Increased thickness of glaciers, indi- 
cating renewed alimentation, has been 
noted in the Sierra Nevada in Cali- 
fornia, in the Wind River Range in 
Wyoming, and in Glacier National 
Park in Montana (5). Glacier rejuve- 
nation in Washington has been asso- 
ciated with a recent trend toward a 
cooler and wetter climate in that state 
(4, 6). This trend is also apparent in 
Canada. Meteorological data from 
western Canada show increasing tem- 
perature and decreasing precipitation 
from 1910 to the early 1940's, but a 
reversal of these trends since about 
1945 (1, 7). 

The advance of the Commander Gla- 
cier probably reflects this climatic 
change. Although the Commander Gla- 
cier is for the present a unique case, 
other glaciers in the interior ranges of 
British Columbia seem to show signs of 
incipient advance. An example is the 
Hermit Glacier in the Selkirk Range, 
which has become greatly thickened at 
the snout since 1950 and appeared to 
be advancing in 1959 (8). 

The fragmentary data so far avail- 
able suggest that glacial advances may 
be manifested first in interior British 
Columbia, and only later, if at all, in 
the more easily accessible glaciers of 
the Canadian Rockies. However, obser- 
vations of glaciers throughout the Ca- 
nadian Cordillera during the next few 
years should be of special significance. 

ROBERT WEST 
Department of Chemistry, 
University of Wisconsin, Madison 
ARTHUR MAKI 
National Bureau of Standards, 
Washington, D.C. 


Ecol. 
(1956). 

2. W. O. Field, Jr., and C. J. Heusser, Can. 
Alpine J. 37, 128 (1954). 

. R. West, ibid. 38, 99 (1955). 

R. C. Hubley, J. Glaciol. 2, 609 (1956). 

A. E. Harrison, ibid. 2, 666 (1956). 

K. B. Bengtson, ibid. 2, 708 (1956). 

R. W. Longley, Proc. Toronto Meteorol. 

Conf. (1953), p. 207. 

. R. West, paper presented at 90th annual 
meeting of Wisconsin Academy of Sciences, 
Arts and Letters, April 1960. 


20 February 1961 


Heusser, Monographs 26, 263 


1361 


e- 
ith 
ol 
Ly. 
im 
ice 
ies 
yn- 
Os. 
ind 
‘al- 
ere 
pic 
our 
er) 
uld 
be § 
ing 
ub- 
1 at 
irug 
2ak- 
the 
itro- 
of 
con- 
ding 
ifter 
rted, 
legs 
2 
ition 
after 
ns. 
unds, 
were 
pas- 
sepa- 
abies 
snalin, Fig. 1. Commander Glacier in 1954. Dashed line shows approximate position of ice } 
hmidt front in 1960. 
= 


Zinc-65 in Reactor Workers 


Abstract. Zinc-65, hitherto. found in 
cyclotron workers and in other specialized 
populations, has now been detected in a 
group of reactor workers. While the high- 
est levels detected are less than 0.2 percent 
of the maximum permissible concentra- 
tion, the movement of this neutron-induced 
radionuclide is of interest, and the baseline 
information is important for future studies. 


To date, body burdens of zinc-65 
have been detected in the members of 
three populations: the Marshallese ex- 
posed to nuclear fallout resulting from 
the 1 March, 1954 detonation (1-3); 
a group of individuals who drank water 
from the Columbia River below the 
Hanford Atomic Works, or who ate 
food grown in fields irrigated by this 
same water (4); and particular groups 
of cyclotron workers (5, 6). The pres- 
ent study reports a fourth population 
with detectable levels of Zn”, a group 
of specialized reactor workers. 

Whole-body gamma counts of seven 
Marshallese inhabitants, performed at 
Argonne National Laboratory in 1957, 
revealed for the first time the presence 
of Zn” in human beings (J). In 1958 
and 1959, after the exposed Marshal- 
lese had returned to their island, body 
burdens of gamma emitters of 200 
people were measured with a portable 
whole-body counter (2, 3). The mean 
level of Zn” in male, adult Marshallese 
in 1959 was 9.4 myc/kg of body weight, 
while the mean value of Cs™ was 11 
mypc/kg, or about 100 times that of an 
inhabitant of the United States (3). 
The Zn” in the Marshallese derives 
from local seafood which is consumed 
(7). It was found in 1955 that fish and 


various mollusks have a marked ability 
to concentrate this element, as well as 
other radionuclides (7). Zinc-65, a 
neutron-activated product, was formed 
as a result of the action of slow neutrons 
released by nuclear fission on materials 
associated with weapon testing. 

More recently, widespread distribu- 
tion of Zn® resulting from stratospheric 
fallout has been detected in a wide 
variety of foods in this country, al- 
though at levels lower than those ob- 
served in either the Marshall Islands 
or the Hanford area. Zinc-65 levels of 
178 ypc/kg were detected in Chesa- 
peake Bay oysters and levels of 40 
ppc/kg in clams from the east coast (8). 
Zinc-65 at levels of from 30 to 50 
ppc/kg has been detected in muscle and 
liver of Nevada cattle, and in com- 
mercial hamburger, beef liver, and milk 
from the Southwest (9). It might there- 
fore be reasonably expected that a Zn® 
body burden would be detectable in 
the general population. 

Zinc-65 was recently detected in cer- 
tain cyclotron workers (5). This radio- 
active zinc was produced by neutron 
radiation of construction material by 
the reaction Cu%(d,2n)Zn*. Similarly, 
body burdens of Zn” were reported 
in two cyclotron workers at Mas- 
sachusetts Institute of Technology 
(6). Van Dilla (5) predicted that Zn” 
would also be found in reactor workers. 
A study of the gamma spectra of re- 
actor workers, then underway at Brook- 
haven National Laboratory, already 
confirmed this prediction. 

The gamma spectra of 128 male 
Brookhaven personnel were obtained 
in the Brookhaven whole-body gamma 
spectrometer (10). The counter is built 
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Fig. 1. Gamma-ray spectra of two reactor workers measured in whole-body spectrometer. 
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Table 1. Primary gamma emitters in reactor 
workers and other laboratory personnel. Stand- 
ard deviation —[=(x*)/N]}. 


Sub- K Zn® car 


ject (g/kg c/k 
(No.) body wt) wo 


Group 


Reactor personnel 
= 2.04 1136 
+0.28 +60.3 
21 245 64.6 
+0.28 +34.4 


29 1.89 15.7 
+0.23 +152 


65.5 
+22.8 
Til 
+19.2 


56.3 
+15.8 


Nonreactor laboratory personnel 


73 1.84 9.31 59.2 
+0.25 +9.24 


around an 8 by 4 in. Nal (T1) crystal 
detector mounted in a room with 6- 
in. steel walls. The apparatus utilizes 
a 100-channel pulse-height analyzer. 

The subjects were showered, dressed 
in hospital clothes, and placed on a cot 
in a standardized position under the . 
detector and counted for 30 minutes. 
The precision of the counter (standard 
deviation/calibration factor) for a 30- 
minute count was 12.9 pyc/kg of body 
weight for Zn”, 3 ppc/g of potassium 
for Cs", and 4 g for potassium. Both 
Cs™ and K* can be measured to a 
precision of 5 percent or greater in a 
normal 70-kg man with a 30-minute 
counting time. 

Typical gamma spectra from two 
subjects selected from groups with the 
highest and lowest Zn® body burdens 
are shown in Fig. 1. The radionuclide 
abundances were obtained from the 
pulse-height data for the discrete ener- 
gies of the gamma rays Cs, Zn”, and 
K*. Corrections were made for the 
background activity and for the Comp- 
ton contribution of each radionuclide 
to the photopeaks of the others. Ab- 
solute levels of these three radionuclides 
were obtained by comparison with the 
spectra of standardized solutions (KCI 
to provide K“) placed in a plastic 
phantom of a standard man (REMAB, 
Alderson). In addition, 1 ypc of each 
isotope, Zn”, and K* (substituting 
for K*), was administered as the 
chloride to two patients to check their 
respective spectra with those obtained 
from the plastic phantom. 

Personnel employed in the Brook- 
haven Research Reactor were arbitrarily 
subdivided into three groups on the 
basis of the degree of their potential 
exposure to radioactive materials. Group 
A consisted of workers who handle 
isotopes which are moved in and out 
of the pile by pneumatic tubes for ir- 
radiation. The mean Zn® level of this 
group was considerably higher than 
any other group (Table 1). The Zn” 
in these workers presumably derives 
primarily from the reaction, Zn (n,y) 
Zn*. Zinc is present in external brass 
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fittings of the pneumatic tube system 
of the reactor. Probably the zinc is 
carried into the reactor, irradiated, 
and, on removal, inhaled by the re- 
actor workers. 

Group B was composed primarily of 
pile operators and other personnel such 
as health physicists who work on or 
near the reactor. These people were 
selected on the basis of having higher 
than normal levels of activity in their 
urine. Over 66 percent of the individ- 
uals in this group had Zn® body bur- 
dens in the range of 40 to 120 pyc/kg 
of body weight. 

Group C was composed of personnel 
working in the reactor building but 
presumably having minimal occupa- 
tional exposure and no detectable level 
of activity in the urine above back- 
ground. 

Group D was composed of individuals 
who represent part of a continuing 
survey of Brookhaven personnel and 
serves here as a control group against 
which the spectral data of the reactor 
workers can be compared. The Zn” 


levels in groups C and D are below 


the limit of detection of the whole- 
body counting apparatus for a 30- 
minute count. 

In addition to the Zn® activity, Cs 
and K* were measured in all subjects. 
The K* content averaged 1.84 g/kg 
of body weight. This figure agrees well 
with K* measurements in other similar 
studies (J/-J3). 

The level of Cs™ has had a world- 


wide increase since 1955 and appears 
to have reached a maximum value in 
1959 in the world population (//-/4). 
In the present study, the average was 
59 ppc/g of potassium in nonreactor 
personnel (June 1960) as compared 
to 52 ppc/g of potassium at the same 
time in England (14). The Cs™ body 
burden has its origin in world-wide 
fallout and is associated with ingestion 
of fallout-contaminated food, particu- 
larly milk (J/, 14). A correlation was 
found in the present study between the 
amount of milk consumed by an in- 
dividual and his Cs'"/K _ ratio. 

The interest in Zn® is not based on 
the radiation hazard that may result 
from its internal deposition, as even 
the highest levels detected in the reactor 
workers of group A were less than 
0.1 pc, which is far below the maximum 
permissible .concentration of 60 ypc 
stated by The International Commis- 
sion on Radiation Protection. Rather, 
the course of this isotope is interesting 
because it reveals how a radionuclide— 
in this case not a fission product, but 
an induced activity —— moves through 
the food chain or through the atmos- 
phere ultimately to deposit in man. It 
is of importance to establish baselines 
for unexposed populations for Zn” and 
other radionuclides to provide data 
against which possible increases in 
body burdens may be measured. Fortu- 
nately, the current availability of whole- 
body gamma spectrometers makes feas- 
ible such general population studies. 
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Dielectric Constants and 
Molecular Interactions in 
Carbon Dioxide and Ethylene 


Measurements at pressures from 1 to 
100 atm have been made with sufficient 
Precision to determine density dependent 
effects attributable to pair_interactions of 
molecules in the two gases. For COn, the 
data show larger dielectric constant in- 
creases at 50°C than at 75°C and are 
satisfactorily explained by the induced 
polarization effect of a molecular quad- 
rupole moment of about 5 X 10- esu 
cm*, a figure in reasonably good agree- 
ment with other estimates. For ethylene, 
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relatively large increases are also ob- 
served, but they increase with temperature 
in the range 25° to 75°C. This behavior is 
contrary to theories of quadrupole-induced 
dipole interactions, even when general- 
ized to molecules lacking axial symmetry. 
These theories, however, either neglect 
quadrupole coupling energy or assume 
that it is small compared with kT. Calcu- 
lations indicating that the effects of this 
energy are significant will be discussed, as 
will experiments which should further 
clarify the significant interactions between 
nonpolar molecules. 

RosBerT H. CoLe 

D. R. JOHNSTON 
Brown University 


It is, of course, equally important in 
future studies to keep occupationally 
exposed personnel in nuclear energy 
establishments under close surveillance 
(15). 
STANTON H. CoHN 
RoBerT A. LOvE 
ERNEST A. GUSMANO 
Medical Research Center, 
Brookhaven National Laboratory, 
Upton, New York 
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Linear Stark Effect in 
Magnetic Resonance Spectra 


If a nucleus or paramagnetic ion with 
spin greater than one-half occupies a site 
in a crystal lattice without inversion sym- 
metry, an externally applied electric field 
will cause, in general, a change in the 
quadrupole coupling constant or crystal- 
line field splitting proportional to E. 

The effect of deformation of the unit 
cell is additive to the explicit Stark effect 
at constant strain. The phenomenological 
description can be given in terms of ten- 
sors of third and fourth rank, which are 
similar to those used by Pockels for the 
description of the electro-optic and elasto- 
optic effects in crystals. 

An individual ion or nucleus may oc- 
cupy a site without inversion symmetry, 
even though the crystal as a whole has 
such symmetry and is not piezoelectric. 

The magnitude of the linear Stark effect 
in ionic crystals can be readily estimated 
on the basis of the point charge model. 
The change in crystal field gradients due 
to relative displacement of the ions in an 
applied electric field should, for example, 
be observable for the nuclear quadrupole 
resonance of Cl* in KCIO; and for the 
electron spin resonance of Cr*** ion sit- 
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uated near a vacancy in the MgO lattice. 
Kushida (private communication) has 
recently observed the effect, linear in E, 
on the quadrupole resonance of Br in 
NaBrOs;, although not at constant’ strain. 

Effective g-tensors and higher order 
parameters in spin hamiltonians will of 
course also change linearly with E, if the 
ionic site lacks inversion symmetry. Such 
effects might be observable for rare earth 
ions in double nitrates. 

If the electric field is varying at a fre- 
quency corresponding to resonance be- 
tween a pair of spin levels, transitions 
may be induced at a rate proportional to 
E*, This absorption can formally be de- 
scribed by an effective dielectric suscep- 
tibility, but this has, of course, nothing 
to do with the existence of an electric 
dipole moment. The strength of the elec- 
trically induced transitions, which may 
have | Am |>1, will be compared with the 
usual magnetic dipole transitions. 

N. BLOEMBERGEN 
Harvard University 


Spark Chamber—Useful Detector 
for High-Energy Particles 
and Cosmic Rays 


The spark chamber has recently come 
to the fore as a visual detector of high- 
energy particles. In the form developed by 
S. Fukui and S. Miyamoto [Nuovo Ci- 
mento 9, 113 (1959)] the spark chamber 
consists of a multiplicity of plates in one 
atmosphere of neon gas, connected in 
such a way that the passage of a high- 
energy particle through the chamber trig- 
gers a circuit which puts a high voltage 
between alternate plates of the chamber. 
The voltage is high enough to produce 
sparks between the plates which occur 
preferentially along the path of the par- 
ticle because of the ions which it pro- 
duced there. The result is a series of 
bright sparks along the track of the par- 
ticle which is easy to see visually. The 
importance of these detectors has been 
emphasized by J. W. Cronin and G. Ren- 
ninger, and by Beall, Cork, Murphy, and 
Wenzel (Proc. Intern. Conf. on Instrumen- 
tation for High-Energy Physics, Berkeley, 
Calif., 12-14 September 1960), who have 
used these chambers successfully in a 
number of experiments with high-energy 
machines. A multi-plate spark chamber 
will be demonstrated which displays very 
nicely the u-mesons of the cosmic rays. 
Some of the properties and applications 
of such a spark chamber will be discussed. 

HERBERT L. ANDERSON 
University of Chicago 


Search for Microbial 
Causes of Common Illnesses 


During a 3-year period, we studied 479 
normal babies who lived for a week or 
longer under somewhat crowded condi- 
tions in a District of Columbia welfare 
institution. The population averaged 54 
per week, the children averaged four ad- 
missions per week, and each child aver- 
aged 18 weeks of residence. Clinical ob- 
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servations included medical surveillance 
with rectal temperatures on each child 
every day. Laboratory observations in- 
cluded routine blood specimens and a 
search for microbial agents in throat and 
anal specimens collected from each child 
at least once a week. 

Of 2823 febrile episodes observed, 1771 
were classified as acute undifferentiated ill- 
nesses. Of the 4234 infections with 57 
virus and 54 bacterial serotypes observed, 
1502 virus and 703 bacterial infections 
were found in routine tests considered rea- 
sonably adequate for the specific agents. 
The study was designed so that illnesses 
and infections would be identified inde- 
pendently of each other by objective cri- 
teria. The frequency of definite undiffer- 
entiated illness during the week when a 
specific microbe was first isolated from 
children in routine specimens was com- 
pared (i) with the frequency of such ill- 
nesses in the same children during the 
two prior and two subsequent weeks, and 
(ii) with the frequency of illnesses in 
other children living in the institution dur- 
ing the weeks when new infections were 
occurring. At least eight virus and four 
or more bacterial serotypes were found 
significantly associated with the occur- 
rence of acute undifferentiated illness. 
Serologic studies are now underway which 
make possible more precise analyses of 
such associations with more definitive 
end-points. To date, such analyses have 
not altered conclusions as to which agents 
were associated with illness. 

J. A. BELL, R. J. HUEBNER, 
W. P. Rowe, L. ROSEN, 
R. M. Coie, F. M. MAstrotTA, 
T. M. Fioyp, R. M. CHANOCK 
National Institutes of Health 


Encouraging Results in 
Long-range Weather Prediction 


A comparison of the monthly precipi- 
tation at 32 cities, in 1959 and 1960, with 
a forecast from November 1956 is pre- 
sented. 

CHARLES G. ABBOT 
Smithsonian Institution 


Guided Propagation of Radio 
Waves in the Magnetosphere 


The magnetosphere is the portion of 
the earth’s outer atmosphere where colli- 
sions are so infrequent that the distribu- 
tion of ionization-density is strongly influ- 
enced by the earth’s magnetic field. In 
consequence, ionization is filamented in 
tubes along the earth’s magnetic field, and 
guidance of electromagnetic waves around 
the tubes is possible. A theory of this 
guidance has been developed for the over- 
simplified situation in which there is a 
discontinuity of ionization-density across 
a surface formed by rotating a line of fiux 
of the earth’s magnetic field around the 
axis of the field. The theory is similar to 
that for a whispering gallery in acoustics. 

The theory helps to explain the phe- 
nomenon of “whistlers.” This is a phenom- 
enon in which the electromagnetic pulse 


from a lightning flash is guided from one 
hemisphere to the other around the lines 
of flux of the earth’s magnetic field and 
is thereby distorted into a descending 
whistle that may be detected at audio fre- 
quencies. Extension of the theory up to 
a radio frequency of 10 Mcy/sec suggests 
that propagation between the hemispheres 
around the lines of flux may- be possible 
at frequencies above the penetration fre- 
quency of the ionosphere. Extension of 
the theory down to frequencies of the 
order of 1 cy/sec shows that hydromag- 
netic waves may also be guided around 
the lines of flux. 

HENRY G. BOOKER 
Cornell University 


Two Metabolically Active 
Peptides from Pituitary Extract 


As reported here in 1953, corticotropin 
was the most active pituitary principle 
evoking mobilization of fat in rats and 
mice. In the rabbit, however, Rudman has 
found that extracts depleted of recognized 
anterior pituitary hormones mobilize de- 
pot fat and induce lipemia. Material of 
this type has now been found in the acetic 
acid extract of porcine anterior lobes re- 
maining in the manufacture of corticotro- 
pin with oxycellulose [J. Am. Chem. Soc. 
73, 2969 (1951)]. Neutralization of the 
2.5 percent solution precipitated 80 per- 
cent of the solids. The active soluble frac- 
tion upon electrophoresis on starch gel at 
pH 8 showed that the most active material 
was represented by two rapidly moving 
anionic bands; the gel pattern guided puri- 
fication. An impure mixture of the two 
peptides was recovered by adsorption on a 
minimal amount of Dowex 1-X2 acetate 
resin. They were retained by columns of 
this resin at pH 3.5 or above and eluted 
by gradients toward 0.1N acetic acid or 
toward stronger buffers of pH 3.5 to 4.0; 
peptide I, the slower moving on. starch 
gel, emerged first followed by peptide II 
mixed with I. Both were retarded some- 
what by Sephadex G-50, but peptide I 
was retarded more. Peptide II was more 
easily precipitated with trichloroacetic 
acid and could thus be obtained free of 
peptide I. In 1 ml of medium, .02 ug of 
the two peptides enhanced release of free 
fatty acid from leporine adipose tissue in 
vitro; 10 ug given intravenously trebled 
fatty acid in serum in 10 minutes; 1.5 mg 
induced gross lipemia in 12 hours, while 
larger doses were often lethal before 
lipemia developed. 

E. B. Astwoop, R. J. BARRETT, 

H. FRIESEN 
New England Center Hospital and 
Tufts University School of Medicine 


Electron Microscopy of 
Deoxyribonucleic Acid 
Macromolecules in Solution 


Electron microscope observations have 
been made of deoxyribonucleic acid 
(DNA) molecules under conditions ap- 
proaching the native hydrated state by 
sandwiching a thin layer of DNA solu- 
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tion between impermeable ultrathin films 
in microchambers of special design and 
by using microbeam illumination of very 
low intensity [H. Fernandez-Moran, J. 
Appl. Phys. 31, 1840 (1960)]. In T2 
bacteriophage DNA ppreparations thin 
fibrils about 30 to 40 » long were seen 
formed by unit filaments of 20 A diam- 
eter in ordered lateral aggregation with 
indications of axial discontinuities of ap- 
proximately 30 A. Oriented DNA fibers 
have also been mounted in vacuum-tight 
microchambers at controlled relative 
humidity in a form suitable for electron- 
diffraction studies. Irradiation with elec- 
tron beams of higher intensity produces 
characteristic fragmentation of the fila- 
ments in wet DNA preparations, differing 
from the relatively stable appearance of 
the strands in dried specimens. With im- 
proved pointed filament sources and colli- 
mation devices, electron microbeam ir- 
radiation can be restricted to accurately 
defined regions of !00 to 1000 A along 
the fibrils. The described techniques pro- 
vide the means for direct observation of 
radiation damage in selected macromolec- 
ular regions of hydrated biological sys- 
tems under the electron microscope. This 
work was supported by a U.S. Atomic 
Energy Commission contract and by a 
grant from the National Institutes of 
Health. 

HUMBERTO FERNANDEZ-MORAN 
Massachusetts General Hospital and 
Massachusetts Institute of Technology 


Thermodynamic Potentials 
of Symmetrical Electrolytes 


The Poisson-Boltzmann equation pro- 
posed by Debye and Hiickel for the 
potential of a reference ion in an electro- 
lytic solution has been integrated in two 
Steps: in the first, the positive exponential 
function is explicitly retained, giving the 
potential accurately in the vicinity of the 
reference ion. By applying the conditions 
of continuity of potential and field at the 
distance r = ¢&/2 Dk T = £B/2 (the 
Bjerrum radius), this potential goes over 
smoothly into the Debye-Hiickel potential, 
valid for large distances from the refer- 
ence ion. The resulting limiting law for 
the thermodynamic potential for the case 
of point charges is of course unchanged, 
but for the sphere-in-continuum model, 
we find — in f = r/ (1 + 17), where f 
is activity coefficient and r = Bx/2 is a 
dimensionless rational independent vari- 
able determined by concentration, valence 
and the D T product. The ion size a 
appears only in higher terms, the first of 
which has the functional form previously 
derived by the ad hoc hypothesis of ion 
association. The deviations between the 
above limiting expression for 1n f and the 
experimental data are opposite in sign to 
those obtained by retaining further terms 
of the Poisson-Boltzmann equation; it is 
Suggested that they can only be accounted 
for by extension of functions characteris- 
tic of the fused salt into and through the 
regions of high and moderate concentra- 
tions. 

RAYMOND M. Fuoss, Lars ONSAGER 
Yale University 
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Prophylactic Adrenalectomy 
for Advanced Breast Cancer 


The condition of patients with carcinoma 
of the breast and wide-spread metastases, 
who have secured palliation from removal 
of the ovaries and adrenal glands, deterio- 
rates quite rapidly when growth in the 
dormant metastases is resumed. Apparent- 
ly, mutant malignant cells have appeared 
that can grow rapidly in the absence of 
the hormones of these glands. It would 
seem that the chance for such mutants to 
develop would be much greater when 
large masses of cancer cells are actively 
dividing than when the metastases are of 
small size. Twenty-four consecutive pa- 
tients with recurrent cancer of the breast 
were treated by bilateral oophorectomy 
and adrenalectomy. Fourteen, or 58 per- 
cent, showed marked subjective improve- 
ment and survived for an average of 44 
months. Seven patients are still living, an 
average of 60 months since adrenalect- 
omy. The results secured in this series of 
patients are better than in some series 
reported by others. This may be in part 
because of the fact that adrenalectomy 
was carried out in a number of patients 
with minimal metastatic involvement. In 
one patient removal of the ovaries and 
adrenal glands was performed shortly after 
radical mastectomy. The specimen re- 
vealed a highly invasive tumor with in- 
volvement of most of the axillary glands 
and permeation of cancer cells into the 
lymphatics, blood vessels, and subcutane- 
ous tissue. Distant metastases were not 
demonstrated, but were believed to be 
present. This patient has remained well 
without evidence of recurrence and has 
continued her usual activities for nearly 
9 years. It is suggested that oophorectomy 
and adrenalectomy be employed as soon 
as metastatic lesions from breast carci- 
noma are diagnosed or are believed to be 
almost certainly present. 

LESTER R. DRAGSTEDT 
University of Florida 


Biosynthetic Activation Accompanying 
the Transformation of Normal 
te Tumor Cell in Plants 


The transition from normal to tumor 
cell must involve a major permanent 
switch in synthetic capabilities, going from 
a conservative, precisely regulated metab- 
olism to one involving an increased synthe- 
sis of the nucleic acids, mitotic proteins, 
and other substances required specifically 
for cell growth and division. An under- 
Standing of the tumor problem would 
appear, therefore, to be concerned with a 
characterization of the cellular mecha- 
nism(s) responsible for this major perma- 
nent switch in synthetic metabolism. In 
studying this problem, a nonself-limiting 
tumor disease of plants known as crown 
gall was used as the experimental model. 
In this system the transformation of nor- 
mal to tumor cell involves a gradual and 
progressive activation of a series of quite 
distinct but well-defined biosynthetic sys- 
tems that represent the entire area of 
metabolism concerned with cell growth 


and division. The products of these sys- 
tems include two intracellular hormones 
which act synergistically to promote 
growth and cell division, glutamine, meso 
inositol, as well as a purine and pyrimi- 
dine. The mechanism by which the entire 
area of metabolism concerned with growth 
and cell division becomes progressively 
and permanently activated during the 
transformation process has been studied 
further. Evidence has been obtained to 
indicate that certain of the biosynthetic 
systems shown to be unblocked in the 
plant tumor cell are ion-activated systems. 
This, in turn, suggests that changes in 
membrane permeability or ion-transport 
mechanisms accompany the cellular al- 
teration, and, as a result of such changes, 
essential ions penetrate to the proper locus 
in a tumor cell where they activate cer- 
tain essential biosynthetic systems. 

ARMIN C. BRAUN 
Rockefeller Institute 


Electromagnetic Structure of the 
Proton and Neutron 


New data have recently been obtained 
on the electromagnetic form factors of 
the neutron. These data are obtained by 
studying the inelastic electron-deuteron 
scattering at high energies. By using as 
normalization data the absolute cross sec- 
tions known for the proton it is possible 
to find the absolute peak cross sections 
for the deuteron by experimental com- 
parison of deuteron peaks and proton 
peaks. The modified Jankus theory is then 
employed to find the neutron form 
factors. The neutron form factors are con- 
sidered together with the proton form 
factors as a body of data from which the 
structure of the proton and neutron can 
be deduced. We have developed four 
isotopic form factors which are taken as 
building blocks for proton and neutron 
form factors. The isotopic form factors 
are shown to be consistent with present 
experimental cross sections of the proton 
and neutron, including their rms radii. 
This formulation predicts that the neutron 
has a positively charged outer cloud. The 
neutron and proton are each composed 
of two Yukawa-type clouds having differ- 
ent ranges. Each particle also has a point- 
like core. Details of this attempted ex- 
planation will be given. 

R. HOFSTADTER 
C. DE VRIEs* 
Stanford University 
ROBERT HERMAN 
General Motors Corporation 


*On leave of absence from the Institute of 
Nuclear Research, Amsterdam. 


Automatic Recording Techniques 
for the Chromatography of 
Peptides and Proteins 


Before a fundamental understanding of 
the reactions in which proteins participate 
in living cells can be attained, we need 
to know the chemical structures of not 
one or two but many proteins of differ- 
ent origins and different functions. The 
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Ribonucleose 


Absorbancy 


Effiuent mi. 20 30 40 50 60 70° 


Fig. 1. Recorded chromatographic sepa- 
ration of ribonuclease A from the imidaz- 
ole carboxymethyl derivatives on a 0.9 
by 38 cm column of Amberlite IRC-S0. 


chemist is concerned with making the 
methods used for this purpose as expedi- 
tious as possible. It is proving feasible to 
place several of the principal analytical 
steps in a structural study on a recording 
basis. The equipment developed for auto- 
matic amino acid analysis is also being 
applied to a number of peptide separa- 
tions. A tryptic hydrolysate of reduced 
and carboxymethylated ribonuclease can 
be effectively fractionated into the ma- 
jority of its smaller individual components 
in a 7-hour run on a 15-cm column of 
Amberlite IR-120. The reproducibility of 
detail in the resulting effluent curves facili- 
tates careful comparative studies of pro- 
tein structures. The chromatography of 
proteins themselves can also be expedited 
in a number of similar ways, one of 
which is illustrated in Fig. 1 for the 120- 
minute separation of ribonuclease from 

alkylated derivatives. 
STANFORD MOORE 
ARTHUR M. CRESTFIELD 

Rockefeller Institute 


Rapid Induction of Mammary 
Cancers and Their Suppression 


A single feeding of certain polynuclear 
hydrocarbons to healthy female rats of the 
Sprague-Dawley strain, age 50 days, 
evokes mammary cancer selectively, in- 
variably, and rapidly. Whereas small 
mammary cancers are present 14 days 
after the feeding, the first visible cancer 
arose 20 days after the single meal. Ten 
hydrocarbons with this special carcinogenic 
property have been recognized; of these 
7,12-dimethyl-benz(a)anthracene the 
most effective, whereas 2-aminofluorene 
has the simplest structure. 

In the carcinogenic process the follow- 
ing factors have been detected: absorp- 
tion, transport, fit, and damage of selec- 
tive sort. It is most probable that charge 
transfer of electrons is involved. Nucleo- 
proteins are certainly a factor. 

It is possible to accelerate the develop- 
ment of the breast cancers or to suppress 
them entirely. Pregnancy, at age 65 days, 
or the administration of progesterone solo 
enhances the development of mammary 
cancer in rats fed a single meal of DMBA 
at age 50 days. But the administration to 
their mates (which likewise had been fed 
the carcinogen at age 50 days) of estradiol- 
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178 and progesterone at age 65 days, al- 
though it causes gestational development 
of the mammary glands, is a_ highly 
effective method of suppressing the young 
cancers. Cancers suppressed in this way 
never recurred—they were extinguished. 

CHARLES HUGGINS 
Ben May Laboratory for Cancer Research, 
University of Chicago 


Mutagenic Effect of a 5-r Dose of 
X-Rays in Drosophila melanogaster 


An experiment to examine the muta- 
genic effect of a dose of x-rays at a level 
comparable to the 30-year background dose 
received by human beings has been con- 
ducted during the past 2% years. Minute 
bristle mutations, dominant mutations 
which occur at more than 50 loci in the 
Drosophila genome, serve as the basis of 
the scoring. The total experiment to date 
consists of a series of 40 repetitions of 
the experiment, each repetition consisting 
of identical numbers of control and 
irradiated cultures. Both parents are 
irradiated with 5 r, so that the effective 
dose to the offspring is 10 r, although 
each irradiated gamete has received only 
5 r. Coding is used so that scorers are not 
aware of the identity of the irradiated cul- 
tures. Environmental variables and scor- 
ing variables are randomized insofar as 
possible. From dosage curves at 1000 to 
2000 r and from assuming a linear pro- 
portionality of mutations to dose, the pre- 
diction was made that the increase in 
mutation rate would be 0.005 percent, in 
comparison with a spontaneous rate of 
0.04 percent. To date, 585,927 individuals 
have been scored in the controls and 
577,515 in the irradiated series, with 283 
mutations in the controls and 323 in the 
treated series. The over-all control rate 
is 0.048 percent, or slightly above the 
prediction, and the difference (0.007 per- 
cent) is also a little greater than expecta- 
tion. The difference lies at the 5 to 7.6 
percent level of probability due to chance 
(depending on the criterion for exclusion 
of clusters). There is also a highly signifi- 
cant reduction in the number of progeny 
from the irradiated parents, amounting to 
1.3. percent. Other visible mutations are 
also in excess, though not significantly. It 
may be tentatively concluded that an 
acute dose of 5 r produces mutations, at a 
rate linearly proportional to the effects at 
1000 r and 2000 r, in the mature gametes 
of both sexes of Drosophila. ; 

H. BENTLEY GLAss 
REBECCA K. RITTERHOFF 
Johns Hopkins University ; 


Extreme Ultraviolet Light of the 
Night Sky Measured from Rockets 


The Lyman-a glow of the night sky was 
first observed in 1955 and was then attrib- 
uted to resonant scattering of solar radia- 
tion by neutral hydrogen in interplane- 
tary space. Subsequent theories and 
spectrographic evidence have pointed to 
a geocoronal origin of the glow phenom- 


enon, but do not eliminate the possibil- 
ity of a small contribution from the inter- 
planetary medium. 

Helium is present in relatively high 
concentration in both the sun and inter- 
stellar space, whereas it is very scarce in 
the earth’s atmosphere. Also, because of 
its relatively high ionization potential, a 
major fraction of helium may be ex- 
pected to occur in the neutral and singly 
ionized states, in contrast to the case for 
hydrogen which must be almost entirely 
ionized. Recent measurements of the 
extreme ultraviolet solar spectrum show 
that the strongest emission lines are He I 
(584A) and He II (304A), both of which 
may be resonantly scattered by He I and 
He II in the interplanetary gas. 

A search for a night sky glow in the 
He I and He II resonance lines was con- 
ducted from an Aerobee rocket in Novem- 
ber 1960 with negative results. The ex- 
periment sets an upper limit of about 
intensity of any helium glow. This is less 
than 10 percent of the intensity of the 
hydrogen glow. The significance of this — 
result in connection with the density of 
gas in the interplanetary medium will be 
discussed. 


HERBERT FRIEDMAN 
U.S. Naval Research Laboratory 


Evolution at a Single Locus 


in Maize 


The ancestral form of maize was prob- 
ably pod corn, a type in which the 
kernels are enclosed in glumes as they 
are in other cereals. The genetic basis of 
pod corn is a locus on the fourth chromo- 
some at which three alleles, Tu, tu", and 
tu are recognized. Six genotypes involving 
all combinations of these alleles have 
been compared in isogenic stocks. The 
genetic changes through this series from 
TuTu to tutu are accompanied by the 
following effects: (i) The tassel becomes 
less prominent and wholly staminate. (ii) 
The central spike of the tassel increases 
in size and the branches decrease in num- 
ber. (iii) The ear increases in size and 
weight at the expense of the tassel. (iv) 
The rachis, the seed-bearing organ con- 
taining the system of supply, is enlarged 
and the glumes, which enclose the grains, 
are reduced. (v) The grains increase in 
size and number. 

The weight lost in the tassels is ac- 
companied by a gain of approximately 
fivefold in the ears. The middle position 
on the stalk of the corn ear apparently 
nas both mechanical and physiological 
advantages over the terminal position 
characteristic of other cereals. This may § 
account for the higher maximum yields 
of corn. In a simulated wild habitat, how- 
ever, the ancestral form, pod corn, bears 
all of its seeds in the tassel and has a 
marked selective advantage the 
genotype of cultivated corn. Consequently, 
evolution at this single locus has rendered 
the corn plant less able to survive in the 
wild and much more useful to man. 

PAUL C. MANGELSDORF 
HELEN P. MANGELSDORF 
Harvard University 
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Charge Fluctuation Forces, 
Biological Specificity, 
and Replication 


Because of charge fluctuation forces 
(in particular, London—van der Waals 
forces) molecules of several varieties, 
when immersed in a liquid, tend to re- 
arrange themselves so as to bring mole- 
cules of identical types together as nearest 
neighbors. This comes about after Brown- 
ian motion has shuffled the molecules and 
introduced like molecules to each other. 
How strong is this effect and under what 
conditions is it significant? These ques- 
tions are of importance in view of the 
phenomenon of crystallization and in view 
of their biological implications. 

If two identical protein molecules con- 
tact each other, there may result an inter- 
locking of corresponding pairs of identi- 
cal side chains: sets of large amino acid 
side chains of the molecule interleaved, 
somewhat as the two halves of a zipper. 
This highly specific association may ac- 
count for the synapsis of homologous 
thromosomes during meiosis (especially 
inverted synapsis). It may also account for 
the species-specific attachment between 


sperm and egg and for the organ-specific. 


attachment between cell and the organ to 
which they belong. Primarily, it may be 
responsible for replica formation in the 
biosynthesis of proteins and nucleic acids 
by assembling its constituent filial mono- 
mers next to the given chain of parental 
monomers. 

Biological specificity implies a great 
many mechanisms and different types of 
forces (as does crystallization). These are 
often in competition with each other so 
that in many instances it is steric com- 
patibility, charge, or hydrogen bond com- 
plementarity which determine intermolec- 
ular attachment. In other cases charge 
fluctuation forces are the determining 
factors. 

HERBERT JEHLE 
George Washington University 


Polyribonucleotide Synthetase 


An enzyme isolated from the soluble 
cytoplasmic fraction of spinach leaves 
catalyzes the incorporation of the label 
of ATP-C“ into ribonucleic acid (RNA). 
This activity was purified approximately 
60-fold. Little, if any, polynucleotide 
phosphorylase activity was detected by 
the specific P*®-ADP exchange assay for 
this enzyme. 

Maximal incorporation of the radio- 
activity of ATP is obtained in the pres- 
ence of all four ribonucleoside 5'-triphos- 
phates, ATP, GTP, UTP, and CTP. 
Magnesium ions and RNA are essential 
requirements. However, RNA has to be 
combined with the protein prior to its 
addition to the reaction mixture. The ad- 
dition of RNA, if not preceded by recom- 
bination, is ineffective. Deoxyribonucleic 
acid (DNA) cannot be substituted for 
RNA and the incorporation of ATP-C" is 
not affected by the presence of deoxy- 
tibonuclease. With the enzyme recom- 
bined with tobacco mosaic virus and 
RNA, incubation for 4 to 12 hours with 
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equimolar amounts of all four nucleoside 
triphosphates led to synthesis of RNA 
in 67 to 85 percent excess over the 
primer. 

The above findings suggest that the 
enzyme is different from polynucleotide 
phosphorylase and also from recently 
reported enzymes in liver nuclei and 
bacteria that catalyze a DNA-dependent 
incorporation of nucleotides from ribonu- 
cleoside triphosphates into RNA. 

K. K. REDDI 
New York University School of Medicine 


Broken Symmetries 


A symmetry of one elementary particle 
interaction may be broken by another 
interaction. For example, the charge in- 
dependence of nuclear forces (along with 
the equality of neutron and _ proton 
masses) is violated by electromagnetism. 
Recently it has been suggested that in 
some cases symmetries may exist that are 
badly broken, either by strong interac- 
tions or by rest masses. How then can we 
ever tell that the underlying symmetry is 
correct and applies to the “bare” masses 
and coupling constants? It is suggested 
that certain experiments at high energies 
and momentum transfers may permit the 
measurement of ratios of “bare” quantities 
and provide tests of broken symmetries. 

Murray GELL-MANN 
California Institute of Technology 


Ion Distribution Patterns of 
Stationary State Systems 


Upon consideration of a theory of 
coupled steady-state processes, a branch 
of the discipline of irreversible thermo- 
dynamics, it is possible to derive expres- 
sions for the steady-state ion-distribution 
patterns in the system phase a, transition 
zone, phase 8 which we take to be an 
idealized version of the biological system, 
internal environment, membrane, external 
environment. An outline of the theory in 
terms of the basic concepts employed and 
the details of an experimental test of the 
theory when a stationary state of the first 
order exists in the system will be pre- 
sented. For example, when the system 
contains water, NaCl, and KCl, and when 
water is the only substance flowing 
through the membrane, the distribution 
function (Auxa + Apci) / (Aux + Axper) 
should be approximately equal to 1.2. 
Furthermore, it is found that when the 
external environment contains equal con- 
centrations of Na and K ions and the 
water is flowing from the internal to the 
external environment, the internal en- 
vironment contains a concentration of K 
ion about three times that of the Na ion. 
This research was carried out at Brook- 
haven National Laboratory under the 
auspices of the U.S. Atomic Energy 
Commission. 

LEsLiE F. Nims 
Brookhaven National Laboratory 
ROBERT E, THURBER 
Brookhaven National Laboratory 
and Adelphi College 


Enzyme Specificity in Activation 
and Transfer of Amino Acids 
to Ribonucleoprotein Particles 


Two steps in protein biosynthesis are 
(i) activation and attachment of each 
amino acid to its specific acceptor RNA 
(S-RNA) and (ii) amino acid transfer 
from S-RNA to ribosomal protein. Each 
activating enzyme (involved in the first 
step) is specific for one amino acid and 
its S-RNA. Other enzyme(s). in the cyto- 
plasmic fluid catalyze reaction (ii). This 
enzyme activity has been partially puri- 
fied [D. Nathans and F. Lipmann, Bio- 
chim. et Biophys. Acta 43, 126 (1960); R. 
Rendi, unpublished data]. 

We find that the amino acid—activating 
enzymes in cytoplasmic supernatants of 
yeast and rat liver catalyze the activation 
and transfer of leucine-C’ to both yeast 
and rat liver but not to Escherichia coli 
S-RNA. Reciprocally E. coli (and other 
bacterial) activating enzymes catalyze leu- 
cine activation and transfer to E. coli but 
not to yeast or rat liver S-RNA. The 
transfer enzymes in the cytoplasmic super- 
natant of yeast and rat liver catalyze 
transfer of leucine-C’* from S-RNA of 
various origins (yeast, rat liver, E. coli) 
to rat liver but not to E. coli ribosomes, 
and, reciprocally, the E. coli enzymes 
catalyze transfer to E. coli but not to rat 
liver ribosomes. Thus the transfer enzymes 
from bacterial or animal sources are 
specific for the corresponding ribosomes 
but not for the amino acid—S-RNA inter- 
mediates. Similar observations have been 
made independently by Nathans and Lip- 
mann (personal communication). The 
transfer reaction to E. coli, but not to rat 
liver ribosomes, is inhibited by chloram- 
phenicol or terramycin. These antibiotics 
appear to inhibit the bacterial ribosomes. 

RENZO RENDI, SEVERO OCHOA 
New York University School of Medicine 


Transport Equations of a Plasma 


The transport equations of a plasma, 
however dilute, are given by 
—£ (e+ ox B) 


+v (E+ 5) V 
/ 3 


where I follow the notation of M. N. 
Rosenbluth and N. Rostoker [Phys. Fluids 
2, 23 (1959)], but supply an equivalent 
notation for the last terms. 

The condition that there are equal and 
opposite charges per cubic centimeter of 
the two gases, the electron gas and the 
ion gas, with Z = 1, leads to the equation 


(3) 


The condition that the convective 
change of momentum of the electron gas 


per cubic centimeter is equal and opposite 
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in sign to that of the positive ion gas per 
cubic centimeter leads to the equation 


Pa + Ps: =0 


and not that P:. = 0 and Pa = 0. 

Assuming that m, is negligibly small 
compared to m:, and using L. Spitzer’s 
definition of the new terms [Physics of 
Fully Ionized Gases (Interscience, New 
York, 1956), pp. 20-21], but retaining 
v2*Vv. in dv./dt I have Spitzer’s two 
Eqs. 2-11 and 2-12 entirely equivalent to 
Eqs. 1 and 2. However, I retain (c/en) P12, 
not replacing it by yj, because I believe 
Spitzer’s Eq. 2-13 is not applicable here. 


Assume the term 


(4) 


moc Oj 


ne* Ot 


is negligible in Eq. 2-12 of Spitzer and tak- 
ing a two-dimensional symmetrical distribu- 
tion of plasma within a long circular right 
cylinder, and assuming that Ep» is neg- 
ligibly small, I find for the 6 component 
of the force exerted by the relatively 
moving electrons upon the ions 


ne 
= — Vor B: 


This force, which is neglected by most 
theoreticians, makes the containment time 
of the enclosed plasma independent of the 
magnitude of the magnetic field. 

The so-called “magnetic bottle” for re- 
taining a hot plasma from a cold wall is 
but a fantastic dream. 

JOSEPH SLEPIAN 
1115 Lancaster Street 
Pittsburgh 18, Pennsylvania 


Evaporation Resistance as a 
Sensitive Measure of the Purity and 
Molecular Structure of Monolayers 


This report is a continuation of our 
studies on monolayers [La Mer and 
Barnes, Proc. Natl. Acad. Sci. U.S. 45, 
1274 (1959)]. 

Before undertaking temperature-coeffi- 
cient studies, the reproducibility of evap- 
oration-resistance measurements required 
further examination. Samples purified for 
laboratory studies and also commercial 
materials or mixtures for practical appli- 
cation on reservoirs have been examined. 
A number of the evaporation resistance- 
surface pressure curves reported in the 
previous work have been confirmed—in 
particular those for pure octadecanol, 
hexadecanol, and stearic acid. The ex- 
treme sensitivity of evaporation-resistance 
measurements to the presence of minute 
amounts of impurities is illustrated by 
these results. Such measurements on 
samples purified by different methods in- 
dicate appreciable differences in purity 
which are not apparent from melting- 
point determinations. The effects of im- 
purities predominate at low surface pres- 
sures, yielding abnormally low values of 
evaporation resistance accompanied by 
poor reproducibility. At higher pressures 
these effects are less significant because 
of the impurities being squeezed out of 
the monolayer. Also a higher degree of 
reproducibility can be obtained for a 
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given specimen. The squeezing out of 
impurities is time-dependent, which. is 
evidenced by an increase in evaporation 
resistance when the monolayer is main- 
tained under pressure, The _ variability 
observed at lower surface pressures (< 15 
dy/cm) is now attributed to uncontrollable 
differences in the rate at which minute 
amounts of contaminants or of solvent 
are squeezed out. 

The behavior of the monolayers under 
pressure as a function of time provides 
a criterion of the purity and rearrange- 
ment of molecular structure. In general, 
higher purity results in greater stability 
under compression. 

The resistance to evaporation through 
monolayers of a particular chain length 
is determined primarily by the nature 
of the polar head group and its influence 
on compressibility of the monolayer 
through packing of the hydrocarbon 
chains. The region of relative independ- 
ence of evaporation resistance upon sur- 
face pressure observed for compounds 
with a divided head group in the liquid- 
condensed phase is attributed to a re- 
arrangement of the polar head groups 
before the transition to the solid-con- 
densed_ phase. 

VICTOR LA Mer, L. A. G. AYLMORE 
Columbia University 


Classification of Clusters of Galaxies 


A classification of clusters of galaxies 
by means of the forms of the brightest 
members is outlined. The form types of 
the individual component galaxies are 
based on a system that I devised earlier. 
The principal parameter of this system 
is a measure of the average stellar con- 
stituents of the brighter, inner parts of 
the individual galaxies. 

The classification system for clusters of 
galaxies is applied to the nearest clusters 
of Abell’s catalogue. The results indicate 
a remarkable uniformity in the stellar 
population of the brightest galaxies in 
different clusters. 

W. W. Morcan 
Yerkes Observatory, University of Chicago 


Aid to Music Composition with 
a Random-Probability System 


The art of music composition can be 
learned to some extent by following the 
work of composers combined with’ a 
knowledge of the fundamentals of music. 
Composition can be stimulated by various 
experiences and may be aided by research. 
However, the process which operates in 
the mind of the composer is not under- 
stood. Even without such knowledge, it is 
possible to develop machines which can 
aid the composer in his search for melody, 
which is the essence of most music. The 
ability to create is a gift. Nevertheless, 
even great composers have at times turned 
to mechanical aids for assistance. In this 
connection, random-probability systems 
allow the generation of sequences of notes 
in a series which are not completely 
random nor completely ordered, but each 


with digital outputs are being made. 


note is selected in a random fashion with 
a probability which depends’ upon pre- 
ceding notes. Such a machine has been 
developed and has been operated to gen- 
erate a sequence of an almost infinite 
series of notes according to trinote prob- 
abilities found in the music of Stephen 
Foster. Combined with sound synthesizers, 
the machine provides additional instru- 
mentation for the musical laboratory. 
However, the ultimate output of even the 
best-equipped laboratory still depends 
upon the composer. 

Harry F. OLson, HERBERT BELAR 
R.C.A. Laboratories 


Optical-Maser Oscillations 
in a Gaseous Discharge 


The use of a gaseous discharge for ob- 
taining a medium to amplify electromag- 
netic radiation at an optical frequency 
will be discussed [A. Javan, Phys. Rey. 
Letters 3, 518 (1959); A. Javan, in 
Quantum Electronics, C. H. Townes, Ed 
(Columbia Univ. Press, New York, 1960)]. 
Particular emphasis will be given to the 
case of a gaseous discharge consisting of 
a mixture of He and Ne, in which the 
predominant mode of excitations of sev- 
eral excited states of Ne is achieved by 
means of inelastic collisions of He(2°S) 
metastable and Ne atoms. This system 
has been used [A. Javan, W. R. Bennett, 
Jr., D. R. Herriott, Phys. Rev. Letters 6, 
3 (1961)] to achieve continuous-wave opti- 


cal-maser oscillations at several frequen- * 


cies in the near infrared. The short-term 
stability of the maser oscillation is better 
than one part in 10". The coherence and 
directionality of the output of the maser 
and some of its applications will be dis- 
cussed. 


A. JAVAN 


Bell Telephone Laboratories 


Report on the Free 
Oscillations of the Earth 


Free oscillations of the earth have been 
observed after two earthquakes. Compari- 
son of observed frequencies with theoreti- 
cal predictions shows excellent agreement. 
Investigators from the California Institute 
of Technology, Columbia University, Uni- 
versity of California at Los Angeles, and 
Weizmann Institute are associated with 
this initial work. 

In addition to deducing the properties 
of the earth’s interior from the frequen- 
cies of the various modes and the Q of 
the oscillations, other experiments occur 
to us. Information concerning the earth- 
quake mechanism can be obtained from 
phase relationships. Searches can be made 
for oscillations excited by sources other 
than earthquakes with improvements in 
signal-to-noise made possible by prior 
knowledge of the natural frequencies. 

New instrumental approaches involving 
both strain and pendulum seismographs 


FRANK PREss, HuGO BENIOFF 
Seismological Laboratory, 
California Institute of Technology 
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Concerning a Free Mode of the Earth’s 
Inner Core Possibly Observed 


during the Chilean Earthquake 


The solid inner core of the earth may 
theoretically execute a rigid-body vibra- 
tion within the surrounding fluid outer 
core under excitation by a large earth- 
quake. The gravitational effects of the 
associated displacements were possibly ob- 
served by a LaCoste-Romberg earth-tide 
gravimeter after the Chilean earthquake 
of last May. The nature of this gravita- 
tional evidence is discussed. Assuming for 
purposes of discussion that the observa- 
tions are valid, the free-period (86 min- 
utes) is about 50 percent less than would 
be expected if only gravitational restoring 
forces were operative. The required mag- 
nitude and nature of additional restoring 
forces is discussed. The low time-rate of 
decay of the vibration indicates that the 
energy dissipation in the material of the 
fluid outer core is surprisingly low. 

Louts B. SLICHTER 
University of California, Los Angeles 


Many Electron Theory 
of Atoms and Molecules 


To predict the chemical and spectro- 
scopic properties of atoms and molecules, 
correlations in the motions of electrons 
must be taken into account. So far this 
has been done successfully only in two 
electron systems, for example, He and 
Hs. In larger systems the motions of 
progressively two, three, four, . . . elec- 
trons at a time can be considered as in 
the theory of imperfect gases. However, 
the numbers of triplets, quadruplets, and 
so fourth, increase much faster than the 
number of pairs as the total number of 
electrons increases. Our theory reduces 
this many electron problem to several 
He- or H:-like problems by showing why 
three, four, and larger numbers of elec- 
tron correlations should be small. Only 
pairs are needed. Any two electrons, while 
moving in the “sea” of all the others, 
affect one another through a correlation 
potential which is of short range. The 
“sea” acts on the pair through its Hartree- 
Fock potential. The theory does not de- 
pend on any perturbation expansion. Any 
pair-wave function can be obtained by 
minimizing a simple expression just as in 
He or He. The validity of the theory is 
demonstrated on Be and LiH. 


OKTAY SINANOGLU 
Yale University 


A Requirement for Genetically 
Specific DNA in 

the Cell-Free Synthesis 

of the Enzyme £-Galactosidase 


A cell-free system, from pre-induced 
cells of Escherichia coli consisting of 
particles and supernatant centri- 
fugation at 105,000 g, catalyzes the de 
novo synthesis of -galactosidase [T. 
Kameyama and G. D. Novelli, Biochem. 
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Biophys. Research Communs. 2, 393 
(1960)]. When the system is properly 
supplemented with inducer, amino acid, a 
source of energy, and nucleoside di- and 
triphosphates, it is capable of effecting a 
two- to fourfold increase in enzyme 
activity. A striking inhibition of enzyme 
synthesis occurs in the presence of 
deoxyribonuclease. A similar inhibition is 
seen when the supernatant is exposed to 
sound waves or ultraviolet light or both. 
This inhibition can be overcome by the 
addition of DNA from normal super- 
natant. X-irradiation of pre-induced cells 
also inhibits further enzyme synthesis. 
Mixed experiments with particles and 
supernatants from normal and x-rayed 
cells showed that x-irradiation had dam- 
aged a component of the supernatant. 
This component could be replaced with 
DNA from normal supernatant, and 
enzyme synthesis in the cell-free system 
was completely restored. DNA from pre- 
induced cells of the inducible strain or 
from the uninduced constitutive mutant 
restores enzyme synthesis to the cell-free 
system from x-irradiated cells. DNA 
from uninduced cells or from a lactose- 
negative mutant (lacking the gene for 
B-galactosidase) as well as DNA’s from 
other sources are completely ineffective in 
the restoration of x-ray damaged enzyme 
synthesis. These experiments as well as 
those with different types of DNA will be 
presented, and the significance of the 
results will be discussed with respect to 
the mechanisms involved in induction and 
repression. 

G. Davip NovELLI, J. M. EISENSTADT 
Oak Ridge National Laboratory 

T. KAMEYAMA 

National Institute of 
Radiological Sciences, Japan 


Relationship of Structure to 
Activity of Ribonuclease 


The availability of a working hypothesis 
for the chemical structure of bovine pan- 
creatic ribonuclease has encouraged efforts 
to understand the specific features of the 
molecule which endow it with catalytic 
activity. Chemical alterations that cause 
inactivation have been used by a number 
of investigators for this purpose. Iodoacetic 
acid has been a particularly useful reagent. 
At pH 6, alkylation of a single one of the 
four histidine residues of ribonuclease 
occurs with the formation of one major, 
inactive derivative. From the work of W. 
D. Stein and Barnard [J. Mol. Biol. 1, 
339, 350 (1959)], it may be assumed that 
the residue involved is the histidine at 
position 119. Crestfield has found that 
the reaction is specifically oriented toward 
the nitrogen atom in the 1-position of the 
imidazole ring of this histidine. The 
alkylation is abolished by inhibitors of 
enzymic activity, such as cytidylic acid or 
cupric ion, and by procedures which alter 
the tertiary structure of the molecule, 
such as rupture of the disulfide bonds or 
exposure to denaturing agents. For these 
reasons, the histidine residue at position 
119 has been placed at the “active site” 
of the enzyme. Special characteristics of 
this histidine reaction suggest that a sec- 


ond histidine residue is also involved at 
the active site. Studies by Anfinsen [J. 
Biol. Chem. 221, 405 (1956)], Richards 
and Vithayathil [Brookhaven Symposia in 
Biol. No. B (1960)], and Hirs et al. (Proc. 
Symp. on Biological Structure and Func- 
tion, Stockholm, 1960) make it probable 
that the aspartic acid residue at position 
121, the asparagine residue at position 
15, and the lysine residue at position 41, 
may all also be at or near the active site. 
Thus, by the discriminating use of chemi- 
cal methods, the nature of the active site 
and certain aspects of the three-dimen- 
sional folding of the molecule are slowly 
being revealed. 


WILLIAM H. SrTeIn, Georce R. STARK 
Rockefeller Institute 


The Extreme Ultraviolet 
Spectrum of the Sun 


The character of the solar spectrum in 
the extreme ultraviolet is now fairly well 
known and much can be said about the 
origin of these radiations. The general 
picture is of ultraviolet radiation emitted 
from regions higher in the atmosphere, 
the shorter the wavelength. Short of 2085 
A the Fraunhofer lines fade and become 
replaced by emission lines. The con- 
tinuum extends at least to 800 A; from 
1400 to 1280 A its brightness temperature 
is 4700°K. Hence in this spectral range it 
must originate near the temperature mini- 
mum between the photosphere and the 
chromosphere. From 1280 to 800 A the 
spectrum is dominated by the Lyman 
series of hydrogen. Lyman-a is intense, 1- 
A broad at half-maximum, strongly self- 
reversed, and with broad damping wings 
which merge into the continuum within 
60 to 100 A. A faint continuous back- 
ground extends through the entire Lyman 
series, whose members are_ resolved 
through kappa, and is followed by the 
Lyman continuum, at 6600°K brightness 
temperature and detectable to 800 A. 
Most of about 200 emission lines are 
identified. They are the lines of greatest 
laboratory intensity, of the most abundant 
light elements in the sun through sulfur, 
in states of ionization as high as the 
eleventh. The lithiumlike isoelectronic ‘se- 
quence is especially complete, with the 
resonance lines of C IV, N V, O VI, Ne 
VIII, Mg X, and Si XII, distributed down 
the spectrum from 1548 to 499 A, form- 
ing a sequence whose origins ascend from 
the low chromosphere int:) the corona. 

R. TouseEy, J. D. PURCELL, 
C. R. DETWILER 
U.S. Naval Research Laboratory 


Development of Gaseous Masses 
of Lunar Mass 


It has been postulated that a solar 
nebula existed having a mass of about 
one-third M©® and that this broke up into 
a large number of spherical masses of the 
order of that of the moon plus its cosmic 
gases. Such masses would contract because 
of the loss of energy and mass and would 
develop various pressures and temperatures 
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on their interiors. Ideal gas laws have 
been used in the past to estimate these 
temperatures and pressures as functions 
of the mass and radius. In this paper a 
progress report on the treatment of such 
spheres by using the current estimates for 
the nonideal gas laws for hydrogen-helium 
mixtures will be given. The relation of 
these calculations to current suggestions 
regarding the origin of meteorites and 
planets will be discussed. 

H. C. UREY, JANET BAINBRIDGE 
University of California, San Diego 


On The Participation 
of Deoxyribonucleic Acid in 
Ribonucleic Acid Biosynthesis 


An enzyme system, first observed by 
this laboratory in rat liver particles and 
now found in a number of different 
organisms, has been described for the 
biosynthesis of ribonucleic acid. The re- 
action catalyzed by this enzyme is specific 
in that it requires the presence of all four 
ribonucleotide triphosphates as well as 
DNA. Because of the importance of DNA 
as an agent of genetic information, it was 
necessary to gain some insight as to the 
role played by DNA in this reaction. 

With a partially purified enzyme pre- 
pared from extracts of M. lysodeikticus, 
RNA was synthesized, in vitro, in the 
presence of a number of DNA’s isolated 
from various sources. Analysis of the 
RNA formed showed that with different 
DNA’s the relative position of one ribo- 
nucleotide next to its neighbor nucleotide 
was altered. This information suggested 
that, in this DNA-requiring reaction, the 
sequential arrangement of bases in DNA 
was influencing the arrangement of bases 
assembled in the RNA molecule. Further- 
more, when the base composition of the 
newly synthesized RNA was determined, 
it appeared very similar to the base com- 
position reported for the various DNA’s 
used. The data suggest that, in the pres- 
ence of a specific DNA, it is possible that 
this enzyme will synthesize complemen- 
tary ribopolynucleotides. 

SAMUEL B. WEIss 
Argonne Cancer Research Hospital and 
University of Chicago 


Electricity as Lines of Force 
Trapped by Topology 


The standard equations of Einstein for 
general relativity and of Maxwell for the 
electrodynamics of charge free space can 
be rephrased (Rainich and Misner) in a 
form that makes no reference to any 
quantities other than geometrical. The re- 
sulting “geometrodynamics” provides a 
model for the physical world built upon 
curved empty space—and its dynamical 
evolution with time—and nothing more (i) 
which presumably—even after quantiza- 
tion—cannot predict the properties of 
elementary particles but (ii) which even 
at the classical level is richer by far in 
consequences than any nongeometrical 
theory of physics. Without any inven- 
tions or changes it predicts (i) the equa- 
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tions of motion of concentrations of mass- 
energy (Einstein-Infeld-Hoffman), (ii) the 
ability of certain kinds of concentrations 
of electromagnetic and gravitational wave 
energy (geons) to hold themselves to- 
gether—as objects endowed with mass— 
for long periods of time under their own 
gravitational attraction, and (iii) the exist- 
ence of equal and opposite charges under 
circumstances when lines of force are 
trapped in the topology of a multiply con- 
nected space. Nowhere inside of these 
masses and charges is there anywhere 
where one can put his finger and say here 
there is “real mass” or “real charge.” Nor 
is there any evidence that these pencil and 
paper constructs—of macroscopic size— 
have the slightest direct connection with 
the world of elementary particles. How- 
ever, it is difficult to escape the conclusion 
that the geometrodynamic type of elec- 
tric charge can be created under extreme 
conditions of space curvature (“point A”) 
if general relativity is correct. It is also 
unreasonable to postulate two kinds of 
electricities—one geometrical, the other 
some kind of magic jelly—-when economy 
of concepts would seem to demand a 
single explanation for electricity. On this 
basis it would appear difficult to escape 
from the conclusion that all electricity 
arises from trapping lines of force. The 
evidence on point A will be reviewed. 
The absence of magnetic charges (“point 
B”) will be discussed in connection with 
the existence of the electromagnetic four- 
potential. 

JoHN A. WHEELER 
Princeton University 


Present Status of the Juvenile Hormone 


The corpora allata of insects are known 
to be the source of a “juvenile hormone” 
which opposes or prevents insect meta- 
morphosis. The presence of the juvenile 
hormone in the blood and tissues of the 
immature insect causes growth to proceed 
without metamorphosis. The hormone is 
therefore a conservative factor which 
blocks “growing up” without interfering 
with growth in an unchanging state. 

Five years ago the first active extracts 
of juvenile hormone were prepared from 
the abdomens of adult male Cecropia 
moths. Subsequently, the hormone has 
been subjected to extensive purification. 
Preliminary infrared and nuclear mag- 
netic resonance studies suggest that the 
active principle is a water-insoluble lac- 
tone rich in methyl and methylene func- 
tions. 

The vast majority of mammalian tissues 
contain low concentrations of a substance 
which is indistinguishable from the juve- 
nile hormone when purified and tested on 
insects. The most active extracts have 
been prepared from the thymus and adre- 
nal cortex of calves, and from human 
placentae. Thus far, nothing is known 
about the biological activity of the juve- 
nile hormone in mammals or other verte- 
brates; studies of this type will presuma- 
bly become feasible after the hormone has 
been characterized and synthesized. 

According to my recent findings, the 
action of the juvenile hormone on the 
cells and tissues of insects is associated 


with its ability to block the de-repression 
and decoding of fresh genetic “informa- 
tion” without interfering with the use 
and re-use of information already at the 
disposal of the cells. Therefore, the hor- 
mone favors growth in an unchanging 
state. This study was supported in part 
by a grant from the Division of General 
Medical Sciences of the National Insti- 
tutes of Health. 

CARROLL M. WILLIAMS 
Harvard University 


Quantum Mechanical Measurements 


The theory of quantum mechanical 
measurements was formulated most pre- 
cisely by von Neumann. According to his 
ideas, the theory consists in the establish- 
ment of a statistical correlation between 
the state of the object on which the meas- 
urement is taking place and the. state 
of the measuring apparatus. The “read- 
ing” of the apparatus consists in deter- 
mining in which of several possible states 


the apparatus is; the statistical correlation . 


between apparatus and object after the 
measurement is such that the state of the 
apparatus determines the state of the 
object, and that this latter state is one 
of the eigenfunctions of the operator which 
is being measured. It has been shown some 
time ago that only those operators can 
be measured precisely in this way which 
commute with all additive conserved quan- 
tities. such as the components of the 
angular momentum. As a result, we 
find that there are, from the point of 
view of measurability, three types of 
quantities. The precisely measurable quan- 
tities’s operators commute with all addi- 
tive conserved quantities; the collision 
matrix belongs to this category. Most 
quantities can only be measured approxi- 
mately, the possible degree of approxi- 
mation increasing with the measuring in- 
strument’s content of the conserved quan- 
tities. Finally, there are quantities which 
cannot be measured at all; this gives rise 
to the so-called superselection rules. 

E, P. WIGNER, M. YANASE 
Princeton University 


Some Recent Results in the 
Study of Molecular Structure 


Microwave spectroscopy has been ap- 
plied to the determination of the detailed 
quantitative structure and other properties 
of increasingly complicated molecules. 
Molecules showing several forms differing 
by internal rotations can now be treated. 
In addition, energy barriers to internal 
rotation, dipole moments, nuclear quadru- 
pole coupling constants, and other proper: 
ties can be obtained with a new degree of 
detail. Thus not only the magnitude but 
the direction of dipole moments as well as 
their dependence on vibrational state and 
isotope substitution can be determined. 
Barriers to internal rotation can be used 
to gain new insight into nonbonded forces. 


_Results will be discussed for a number 


of recently studied molecules. 
E. BriGHT WILSON, JR. 
Harvard University 
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GLASS ABSORPTION 
CELLS  KLETT 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


REGULATED POWER SUPPLY 


Used with “Teledeltos” papers for making 
permanent record of physiological and phar- 
macological experiments. Electrical power unit 
has twelve separate electrical circuits and con- 
trols. Cannot be damaged by shorting output 
leads. Any conventional kymograph may be 
adapted to this form of writing. 


Cat. No. 70-144 


PHIPPS ABIRDP, ine. 


Manufacturers & Distributors of Scientific Equipment 


6th & Byrd Streets - Richmond, Va. 
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EVERYDAY 
RADIOCHEMICALS 


No longer rare or difficult, radiochemicals in great 
variety are available from The Radiochemical 
Centre. To serve the daily needs of science, 
industry and medicine, we regularly process, 
dispense and dispatch up to 1000 orders a week. 
Last year’s shipments at home and to over 60 
countries abroad totalled no less than 35,000. 


This growing demand for British radiochemicals 
is firmly founded on our world-wide reputation 
for chemical and radiochemical purity, safe 
packaging and first-rate arrangements for rapid 
transit by air, road, rail or sea. 


We cordially invite heads of laboratories to draw 
freely on the unique facilities provided by The 
Radiochemical Centre. Comprehensive catalogues 
include over 500 pure labelled compounds of 
known specific activity as well as reliable radio- 
active sources for all purposes. Let us send you 
these up-to-date guides—invaluable to all who 
contemplate radioactive techniques. 


THE RADIOCHEMICAL CENTRE > AMERSHAM 
BUCKINGHAMSHIRE + ENGLAND 
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FREEHOLD NEW JERSEY 


Meetings 


Forthcoming Events 
May 


22-24. American Thoracic Soc., Cin- 
cinnati, Ohio. (F. W. Webster, 1790 
Broadway, New York 19) 

22-24. Global Communications, 5th 
natl. symp., Chicago, Ill. (R. D. Slayton, 
5555 Touhy Ave., Skokie, Ill.) 

22-24. Telemetering Conf., natl., Chi- 
cago, Ill. (J. Becker, AC Spark Plug Di- 
vision, General Motors Corp., Milwaukee 
1, Wis.) 

22-25. American Urological  Assoc., 
Los Angeles, Calif. (W. P. Didusch, 1120 
N. Charles St., Baltimore 1, Md.) 

22-25. Design Engineering Conf. and 
Show, Detroit, Mich. (ASME Meetings 
Dept., 29 W. 39 St., New York 18) 

22-25. National Tuberculosis>~ “Agsoc., 
Cincinnati, Ohio. (J. G. Stone, 1790 
Broadway, New York 19) 

22-26. Engineering Conf. and Exhibit, 
29th annual, New York, N.Y. (G. E. 
Seeley, ASTME Headquarters, 10700 Pur- 
itan Ave., Detroit 38, Mich.) 

22-26. Society of Photographic Sci- 
entists and Engineers, annual, Bingham- 
ton, N.Y. (M. G. Anderson, Ansco, Vestal 
Parkway East, Binghamton, N.Y.) 

22-27. International Acad. of Legal 
Medicine and of Social Medicine, 5th 
cong., Vienna, Austria. (M. Helpern, Chief 
Medical Examiner, City of New York, 55 
East End Ave., New York 28) 

23-25. Large Capacity Memory Tech- 
niques for Computing Systems, symp., 
Washington, D.C. (Miss J. Leno, Code 
430A, Office of Naval Research, Washing- 
ton 25) 

25. Gastroenterology Research Group, 
Chicago, Ill. (N. C. Hightower, Scott and 
White Clinic, Temple, Tex.) 

25-26. Medical Technology, symp., 
Cleveland, Ohio. (J. W. King, Cleveland 
Clinic, 2020 E. 93 St., Cleveland 6) 

25-26. Nitro Aliphatic | Chemistry, 
symp., Lafayette, Ind. (Purdue Memorial 
Union, Purdue Univ., Lafayette) 

25-26. Operations Research Soc. of 
America, 9th annual, Chicago, Ill. (D. 
Schiller, Gaywood-Schiller Associates, 203 
N. Wabash Ave., Chicago 1) 

26-27. American Otological Soc., Lake 
Placid Club, Essex County, N.Y. (J. A. 
Moore, 525 E. 68 St., New York 21) 

26-27. Biology of the Trachoma Agent, 
symp., New York, N.Y. (F. B. Gordon, 
Natl. Naval Medical Center, Bethesda 14, 
Md.) 

26-27. Cardiovascular Tissue Culture 
Conf., Dover, Del. (O. J. Pollak, Dover 
Medical Research Center, Inc., P.O. Box 
228, Dover) 

26-3. American Acad. of Dental Medi- 
cine, cruise to Bermuda and Nassau. 
(H. Ward, 15 Bond St., Great Neck, N.Y.) 

28-1. Special Libraries Assoc., 52nd an- 
nual, San Francisco, Calif. (B. M. Woods, 
SLA, 31 E. 10 St., New York 3) 

29-31. American Gynecological Soc., 
Colorado Springs, Colo. (A. H. Aldridge, 
899 Park Ave., New York 21) 

29-31. Cancer Symp., 6th annual, Re- 
gina, Saskatchewan, Canada. (A. J. S. Bry- 
ant, Allan Blair Memorial Clinic, Regina) 


new 
electronic 
hematocrit 
gives direct 
readings 
instantly 


YSI Model 30 Price $250.00 


The YSI electronic micro-hematocrit 
is a complete, portable measuring sys- 
tem for a single instantaneous hema- 
tocrit measurement. You will also find 
it a useful and versatile auxiliary to 
your laboratory-bound centrifuge 
equipment. 

The YSI Model 30 is particularly 
suited to emergency and operating 
room use and for bedside or outpatient 
analyses, It’s ideal for those situations 
requiring a series of accurate hema- 
tocrit readings in rapid succession. 

Based on the insulating character- 
istics of red blood cells, it uses a four 
transistor circuit powered from self- 
contained batteries to give direct read- 
ing hematocrit on 0.2 cc. of whole or 
heperinized blood. 

Weighs 2% Ibs. 4” x 5%” x 6%”. 


Get complete specifications from 
your YSI dealer or write: 
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29-31. Chemical Inst. of Canada, 44th 
annual, Ottawa. (Chemical Inst. of Can- 
ada, 48 Rideau St., Ottawa 2) 


29-3. Molecular Spectroscopy, 5th Eu- 


ropean cong., Amsterdam, Netherlands. 
(D. H. Zijp, Secy., Nieuwe Achtergracht 
123, Amsterdam-C.) 

30. Nutrition Soc. of Canada, 4th an- 
nual, Guelph, Ontario. (E. V. Evans, Dept. 
of Nutrition, Ontario Agricultural Col- 
lege, Guelph) 

31-2. Canadian Federation of Biolog- 
ical Societies, Guelph, Ontario, Canada. 
(E. H. Bensley, Montreal General Hospi- 
tal, 1650 Cedar Ave., Montreal 25, P.Q.) 

3/-2. Radar symp., 7th annual, Ann 
Arbor, Mich. (Coordinator, 7th Annual 
Radar Symposium, Institute of Science 
and Technology, Box 618, Ann Arbor) 


June 


2-3. Canadian Soc. for Clinical Chem- 
istry, annual general meeting, 
Ont. (C. R. Cameron, Ontario Veterinary 
College, Guelph) 

2-5. Latin-American Congress of Phys- 
ical Medicine, Lisbon, Portugal. (C. Lo- 
pez de Victoria, 245 E. 17 St., New York, 
N.Y.) 

3-11. Medical-Surgical 
4th intern., Turin, Italy. (Minerva Medica, 
Corso Bramante 83-85, Turin) 

4-9. Mass Spectrometry, ASTM Com- 
mittee E-14, Chicago, Ill. (G. Crable, 
Gulf Research Center, P.O. Box 2038, 
Pittsburgh 30, Pa.) 

4-10. World Congress of Psychiatry, 
3rd, Montreal, Canada. (A. Roberts, Al- 
lan Memorial Inst., 1025 Pine Ave. West, 
Montreal 2, P.Q.) 

4-12. Cellular Regulatory Mechanisms, 
25th Cold Spring Harbor Symp. on 
Quantitative Biology, Cold Spring Harbor, 
N.Y. (A. Chovnick, Long Island Biolog- 
ical Assoc., Cold Spring Harbor) 

5-7. American Soc. for Quality Con- 
trol, Philadelphia, Pa. (W. P. Youngclaus, 
Jr., 161 W. Wisconsin Ave., Milwaukee 3, 
Wis.) 

5-7. Fundamental Aspects of Radio- 
sensitivity, symp., Upton, N.Y. (A. H. 
Sparrow, Brookhaven National Labora- 
tory, Upton, L.I.) 

5-8. International Instrument-Automa- 
tion Conf. and Exhibit, Instrument Soc. 
of America, Toronto, Canada. (I.S.A., 
313 Sixth Ave., Pittsburgh 22, Pa.) 

5-9. Animal Reproduction, 4th intern. 
cong., Amsterdam, Netherlands. (Secre- 


tariat, Burgemeester de Monchyplein 14, | 


The Hague, Netherlands) 

5-9. Effects of Ionizing Radiation on 
the Nervous System, symp., Vienna, Aus- 
tria. (J. Burt, International Atomic Energy 
Agency, United Nations, New York, 
N.Y.) 

5-10. International Colloquium on 
Spectroscopy, 9th, Lyon, France. (Secre- 
tariat, Groupement pour l’Avancement 
des Méthodes Spectrographiques, 1, rué 
Gaston Boissier, Paris 15)- 

5-16. Operations Research and Systems 
Engineering, Baltimore, Md. (Dean, 
School of Engineering, Johns Hopkins 
Univ., Baltimore 18) 

6-8. Tissue Culture Assoc., 12th an- 
nual, Detroit, Mich. (F. E. Payne, Dept. 
of Epidemiology, Univ. of Michigan, Ann 
Arbor) 
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Guelph, | 


Film Festival,, 


BURRELL 


always fresh and active 
... order as you need 


Modern Burrell Reagents and Auxil- 
iary Solutions are available as a 
regular, dependable source of supply 
for use with all makes of gas analysis 
equipment. 

Listed here are some perennial 
“best sellers.” Tell us your needs 


“For Seienlists Everywhere”? 
UNIFORM SOLUTIONS 


_ For Gas Analysis 


for prompt service. 


Fast Absorbing Reagents 


COSORBENT® for Carbon Monoxide. Active and accu- 
rate. Forms stable compound. Requires few passes. 

CAT. No. 39-720—8 oz. 6.00............ Case of 12—64.80 
CAT. No. 39-721—3 oz. 3.25............ Case of 12—35.10 
COSORBENT POWDER for Carbon Monoxide. Easier to 
store and transport. Has indefinite shelf life. 

CAT. No. 39-725—vial 3.85........ Case of 12 vials—41.60 
LUSORBENT® for Unsaturated Hydrocarbons. No vapor 
pressure. Non-Corrosive to rubber connections. 

CAT. No. 39-715—8 oz. 4.40............ Case of 12—47.55 
CAT. No. 39-716—3 oz. 2.75............ Case of 12—29.70 
OXSORBENT® for Oxygen. Fast, clean and accurate. 
Breaks sharply at saturation point. 

CAT. No. 39-710—8 oz. 6.00....... .....Case of 12—64.80 
CAT. No. 39-711—3 oz. 3.25. ........... Case of 12—35.10 
DISORBENT® for Carbon Dioxide. Crystal clear poias- 
sium hydroxide solution. Accurate and fast. 


sorption pipette; 3 oz. 


Specifics for Hydrocarbons 


SORBENT “A"®—For total olefins, ethene, propene, bu- 
tene and pentenes. 
CAT. No. 39-741—8 oz. 5.00............ Case of 12—54.00 
SORBENT “B”"®—For selective absorption of iso-butene. 
Takes up 1-butene and 2-butene slowly. 
CAT. No. 39-742—8 oz. 3.00............ Case of 12—32.40 
SORBENT “C"®—For propenes, butenes and pentenes. 
Will absorb ethene slowly. 
CAT. No. 39-743—8 oz. 3.00............ Case of 12—32.40 
SORBENT “D"®—For acetylenes and higher members of 
the acetylene series. 
CAT. No. 39-744—8 oz. 6.50..... seee..-Case of 12—70.20 
@ Trademark 

Prices listed are F.O.B. Pittsburgh, Pa. 


Ask for Bulletin No. 327 


Scientific Apparatus and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, P 


CAT. No. 39-730—16 oz. 3.25 
CAT. No. 39-731—3 oz. 1.90 
@Trademark Registered U.S. Patent Office 

NOTE: Order 8 oz. for = 


Case of 12—35.10 
Case of 12—20.55 
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AGING... 


Some Social and Biological Aspects 


A symposium presented at the AAAS 
Chicago Meeting 
December 1959. Published November 1960. 


Nathan V. Shock, Editor 
6 x 9, 436 pp., 65 illus., cloth 
$8.50 AAAS members’ cash orders $7.50 
CONTENTS 


Implications for society: J. W. McConnell, J. T. Freeman, 
J. Havighurst, C. D. Leake, S. Spector 


Aging in tissues and cells: B. Glass, J. D. Ebert, G. H. 
Bourne, A. White 


Aging in the total organism: M. Landowne, G. Pincus, P. 
Handler, E. W. Busse 


Theories of aging: N. W. Shock, H. Selye, P. Prioreschi, 


new 
england 
nuclear 


Chol ic- “Acid 


$180 per 100 rc 
$100 per 50 ve 


Butcher, J. 


Oral aspects of aging: 
Nalbandian, 


B. L. Strehler, J. E. Birren, S. E. Stumpf 


R. F. Sognnaes, A. A. Dahlberg, 
J. Klingberg, L. Cancellaro, E. O. 
R. Ring 


Financing medical costs after age 65: J. T. Freeman 


Discussions. Index 
British agents: Bailey Bros. & Swinfen, Ltd. 


Hyde House, West Central Street 
London W.C.1 


American Association for the 
Advancement of Science 


1515 Massachusetts Ave., NW 


Washington 5, D.C. 


Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs. 


Contents include — 


© Observing the sun, 
moon, planets and 
wonders of the sky 


© Constellation map 

© Hints for observers 

© Glossary of telescope terms 

© How to choose a telescope 

¢ Amateur clubs and research 
programs 


UNITRON 


INSTRUMENT COMPANY - TELESCOPE DIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 


Please rush to me, free of charge, UNITRON’s new Observer’: 
Guide and Catalog. 4-N-4 


Name 
Street 


City State. 
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Perspectives 


in Biology 


and 


Medicine 


Four times a year Perspectives offers 
evaluation and exposition of great 
ideas about life and disease, in areas 
ranging from quantum biology to 
philosophy. Its function—to stimulate 
creative scientific effort in laboratory, 
clinic, and classroom. 


Forthcoming articles: In Search of 
New Biological Dimensions, Albert 
Szent-Gyorgyi; Nucleic Acid—Key 
Material in the Origin of Life, H.J. 
Muller; The Meaning of Health, Paul 
Tillich; Treatment, Investigation, and. 
Control of Tuberculosis, Esmond R. 
Long. 


Perspectives belongs in your study .. . 
department and clinic library .. . and 
the library of your university or high 
school. One year, $7.00 . .. two 
years, $12.50 . . . three years, $16.50 

. (slightly higher outside U.S.). 


For full information write Dept. S-4 
Perspectives in Biology and Medicine 
UNIVERSITY OF CHICAGO PRESS 
5750 Ellis Ave., Chicago 37, Ill. 


The NEW 
MSE-60 Watt 
Ultrasonic 
Disintegrator 


designed to produce and utilize sound 
energy for the mechanical disintegration 
of cells and bacteria. 


@ Cabinet construction as 
a single unit with 
acoustically insulated 
working chamber. 


Titanium probes provide 
greater resistance to 
corrosion and erosion. 


Built-in thermo-ammeter 
to give accurate 
indication of tuning. 


®@ At 20,000 cycles. 


NSTRUMENTATION 
ASSOCIATES INC. 


Distributors of 
and Scientific Speci 
17 West 60th Street New York 23; NEY. 
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8-11. American Electroencephalograph- 
ic Soc., Atlantic City, N.J. (G. A. Ulett, 
Malcolm Bliss Mental Health Center, 1420 
Grattan, St. Louis 4, Mo.) 

8-18. International Organization for 
Standardization, general assembly (mem- 
bers only), Finland. (American Standards 
Association, 70 East 45 St., New York 
17) 

9-11. Society of Biological Psychiatry, 
Atlantic City, N.J. (G. N. Thompson, 
2010 Wilshire Blvd., Los Angeles 57, 
Calif. ) 

9-17. European Convention of Chem- 
ical Engineering, Frankfurt, Germany. 
(DECHEMA, Postfach No. 7746, Frank- 
furt/Main 7) 

11-15. American Soc. of Mechanical 
Engineers, summer annual, Los Angeles, 
Calif. (O. B. Schier II, 29 W. 39 St., New 
York 18) 

12-13. Radio Frequency Interference, 
3rd natl. symp., Washington, D.C. (E. F. 
Mischler, National Engineering Service, 
Washington, D.C.) 

12-14. American Dairy Science Assoc., 
Madison, Wis. (H. F. Judkins, 32 Ridge- 
way Circle, White Plains, N.Y.) 

12-14. American Neurological Assoc., 
Atlantic City, N.J. (M. D. Yahr, Neu-. 
rological Inst., 710 W. 168 St., New York 
32) 

12-14. Society for the Study of Devel- 
opment and Growth, regeneration symp., 
Williamstown, Mass. (A. C. Braun, Rocke- 
feller Inst., New York 21) 

12-15. Nature of the Real, conf., Mil- 
waukee, Wis. (E. D. Simmons, Dept. of 
Philosophy, Marquette Univ., Milwau- 
kee 3) 

12-15. Physics of Electronic and Atom- 
ic Collisions, intern. conf., Boulder, Colo. 
(B. Bederson, Physics Dept., New York 
Univ., New York 53) 

12-16. Association of Official Seed 
Analysts, Richmond, Va. (D. D. Forsyth, 
Agronomy Building, Madison 6, Wis.) 

12-16. Molecular Structure and Spec- 
troscopy, symp., Columbus, Ohio. (R. A. 
Oetjen, Dept. of Physics and Astronomy, 
Ohio State Univ., Columbus 10) 

12-18. European Assoc. for Animal 
Production, 8th intern. cong., Hamburg, 
Germany. (European Assoc. for Animal 
Production, Via Barnaba Oriana 28, 
Rome, Italy) 

12-24. European Inst. of Scientific 
Studies for the Prevention and Treatment 
of Alcoholism, Amsterdam, Netherlands. 
(D. Ehlbeck, Intern. Bureau against Alco- 
holism, Case Gare 49, Lausanne, Switzer- 
land) 

12-29. Statistical Quality Control In- 
tensive Courses for the Chemical and 
Processing Industries, 18th annual, Roch- 
ester, N.Y. (H. M. Kentner, Extended 
Services Div., Rochester Inst. of Tech- 
nology, Rochéster 8) 

13-14. Product Engineering and Pro- 
duction, 5th natl. conf., Philadelphia, Pa. 
(P. J. Riley, R.C.A., Building 10-6, Cam- 
den 2, N.J.) 

13-16. Gas Chromatography Symp., 
3rd biennial, East Lansing, Mich. (J. E. 
Callen, Procter and Gamble Co., Miami 
» Valley Laboratories, P.O. Box 175, Cin- 
cinnati 39, Ohio) 

13-16. Institute of Aerospace Sciences 
and American Rocket Soc., Los Angeles, 
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Calif. (Inst. of Aerospace Sciences, 2 E. 
64 St., New York 21) 
13-18. Nuclear Congress, 6th, Rome, 
Italy. (Ufficio Stampa e Relazioni Pub- 
bliche-CNEN, Via Belisario 15, Rome) 

14-16. Applied Mechanics Conf., Chi- 
cago, Ill. (American Soc. of Mechanical 
Engineers, Meetings Dept., 29 W. 39 St., 
New York 18) 

14-16. Semiconducting Compounds, 
conf., Schenectady, N.Y. (W. W. Tyler, 
General Electric Research Laboratory, 
Schenectady ) 

14-16. Theory of Weak and Strong In- 
teractions, conf., La Jolla, Calif. (T. A. 
Manar, Scripps Institution of Oceanog- 
raphy, La Jolla) 

14-17. American Assoc. of Bioanalysts, 
Dallas, Tex. (L. D. Hertert, 490 Post St., 
Room 1049, San Francisco 2, Calif.) 

16-17. Meteoritical Soc., Nantucket, 
Mass. (G. L. Rowland, Long Beach City 
College, Long Beach 8, Calif.) 

17-21. American Nuclear Soc., Boston 
Mass. (O. J. Du Temple, ANS, 86 E. 
Randolph St., Chicago 1, Ill.) 

18-21. American Astronomical  Soc., 
Nantucket, Mass. (J. A. Hynek, Dear- 
born Observatory, Northwestern Univ., 
Evanston, III.) 

18-23. American Meteorological Soc., 
193rd natl., and Pacific Div., AAAS, 42nd 
annual, Davis, Calif. (AMS, 45 Beacon 
St., Boston 8, Mass.) 


18-23. American Soc. of Medical Tech- | 
nologists, Seattle, Wash. (Miss R. Mat- | 
Hermann Professional | 


thaei, Suite 25, 
Bldg., Houston 25, Tex.) 


19-21. American Soc. of Pharmacog- | 


nosy, annual summer meeting, Houston, 
Tex. (R. S. Westby, Eli Lilly and Co., 740 
S. Alabama St., Indianapolis 6, Ind.) 

19-23. Conference on Carbon, Sth bi- 
ennial, University Park, Pa. (Fifth Carbon 
Conf., Pennsylvania State Univ., Confer- 
ence Center, University Park) 

19-24. Feed Microscopy, annual meet- 
ing and special short course, Denver, Colo. 
(C. Jones, Colorado Department of Agri- 
culture, 3130 Zuni St., Denver 11) 

19-30. Astrophysics Seminar, Cloud- 
croft, N.M. (J. R. Foote, P.O. Box 1053, 
Holloman Air Force Base, N.M.) 

21-1. International Plastics Exhibition 
and Convention, London, England. (Brit- 
ish Plastics, Dorset House, Stanford St., 
London, S.E.1) 

22-23. American Rheumatism Assoc., 
Dallas, Tex. (F. E. Demartini, 622 W. 168 
St., New York 32) 

22-23. Computers and Data Processing, 
8th annual symp., Estes Park, Colo. 
(W. H. Ejichelberger, Denver Research 
Inst., Univ. of Denver, Denver, Colo.) 

22-24. Endocrine Soc., New York, 
N.Y. (H. H. Turner, 1200 N. Walker, 
Oklahoma City 3, Okla.) 

22-26. American College of Chest 
Physicians, New York, N Y. (M. Korn- 
feld, 112 E. Chestnut St., Chicago 11, 
Ill.) 

23-25. American College of Angiology, 
7th annual, New York, N.Y. (A. Halpern, 
Secretary, 11 Hampton Court, Great Neck, 
N.Y.) 

25-28. American Soc. of Agricultural 
Engineers, annual, Ames, Iowa. (J. L. 
Butt, 420 Main St., St. Joseph, Mich.) 

(See issue of 21 April for comprehensive list) 


INTERFERENCE 
MICROSCOPY 


Interference attachments which 
can be used with Zeiss Polariz- 
ing Microscopes have been an- 
nounced. The first shipment is 
expected within 30 days, 


In addition, the new Zeiss Uni- 
versal Microscope Pol is now 
available from our stock. A com- 
bination of this microscope and 
the above accessories provides 
a completely versatile research 
instrument which can be used 
for interference. 


Brinkmann Instruments, 115 
Cutter Mill Road, Great Neck, New 
York. Six other offices to serve 


Philadelphia, Cleveland, 


Houston, Mi Park, 


RINKMANN 
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Over 300 New Reagents for 
Medical Research and 
Biochemical Testing 


Acridine Orange 

Fluorescence microscopy 
Acetyl Choline Chloride 

Choline esterase 
Carbobenzoxy Chloride 

Peptide synthesis 
p-Chloromercuribenzoic 
Acid, Sodium Salt 

Sulfhydryl groups 
1,1'-Dianthrimide 

Boron 
INT 

Milk test 
2(4!-Hydroxybenzeneazo] 
Benzoic Acid (HABA) 

Albumin in blood plasma 
Blue Tetrazolium (BT)® 

Redox enzyme systems 
p-Dimethyl Phenylene 
Diamine 

Amine oxidase 
Fluorescein 
Isothiocyanate 

Antibody —antigen detection 
Girard “‘T” 

Ketosteroids 
2-Hydroxy-3-Naphthoic 
Acid Hydrazide 

Ketosteroids 
B-Naphthyl Caprylate 

Lipase 
1,4-Naphthoquinone 
Potassium Sulfonate 

Creatinine 
Nitro-BT® 

Dehydrogenase 
1, 10-Phenanthroline 

Chelating agent 
LNA® 

Leucine aminopeptidase 
Propiony! Choline 
lodide 

Choline esterase 
Sodium a-Napthtyl 
Phosphate 

Phosphatase 
Stable Diazonium 
Salts 

Stain and histochemistry 


Write for catalog today. 
Custom Syntheses Invited. 


PHILADELPHIA 24 PA 


New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 
™ ALPHA PARTICLE COUNTER (Fig. 1) 
for classroom demonstration is an 
open-air spark type. Particles are de- 
tected by small sparks that occur when- 
ever a particle ionizes a path in the air 
between the counter’s nickel-chromium 
grid and detector plate. An accessory 
power supply maintains a potential of 
about 5000 v between the grid and the 
plate. The source of alpha radiation is 
mounted on a rod that can be adjusted 
in relation to the counter grid. A clear 
plastic cover protects the radioactive 
source from student contact and dust. 
(Central Scientific Co., Dept. Scil69, 
1700 Irving Park, Chicago 13, Ill.) 


™ SPECTRUM ANALYZER covers the fre- 
quency range 50 to 100 kMcy/sec in 
three bands: 50 to 62 kMcy/sec, 60 to 
80 kMcy/sec, and 75 to 100 kMcy/ 
sec. The entire range is covered by one 
tuning head. Dispersion is continuously 
adjustable between 50 and 1000 Mcy/ 
sec. Frequency markers of *+5-percent 
accuracy are provided for spectrum 
calibration. Nominal sensitivity is —50 
dbm from 50 to 100 kMcy/sec. 
(Polarad Electronics Corp., Dept. 
Scil70, 43-20 34 St., New York 1) 


REFRIGERATED CONTINUOUS-FLOW 
CENTRIFUGE develops 28,000 grav at 
18,750 rev/min. Automatic tempera- 
ture control of materials within the con- 
tinuous-flow rotor is provided. Feeding 
of sample and coolant is controlled by 
a metered pump system. Sample de- 
livery and return lines are insulated. A 
roller-mill assembly permits reconstitut- 
ing sediments within a rotor. The rotor 
allows displacement volumes of either 
100 or 400 ml, and it can be emptied 
of certain sediments without opening 
the rotor or scraping the rotor walls. 
(Spinco Div., Beckman Instruments, 
Inc., Dept. Sci157, Stamford Industrial 
Park, Palo Alto, Calif.) 


™ MICROVOLT POTENTIOMETER has a 
range of 0 to 1110 ,»v with a resistance 
of 100 ohm/mv. The power source is 
a built-in saturated standard cell which 
is said to be capable of supplying the 
10-,a current drawn by the potentiome- 
ter for long periods of time without 
damage. The instrument is designed to 
compare two voltages that are within 
0.1 percent of each other within 1 
pv directly, or within a fraction of a 
microvolt by interpolation on a galva- 
nometer. (Physics Research Laboratory, 
Dept. Scil66, P.O. Box 555, Hemp- 
stead, N.Y.) 


Fig. 1. Alpha particle counter. 


™ VOLTAGE DIVIDER is relay-operated 
with accuracy said to be + 0.003 per- 
cent over the unit’s full service life and 
range of operation. The divider re- 
sponse time is less than 15 msec; thus 
it is suitable for operation by key- 
board, punched paper tape, or punched 
cards. Dimensions are 3.75 by 7.25 by 
1.25 in. Multiple units may be stacked 
vertically on 1.5-in. centers. (Julie 
Research Laboratories, Inc., Dept. 
Scil79, 603 W. 130 St., New York 27) 


® SONIC DELAY LINE features multiple 
taps every | msec, with a total of 100 
taps. Tap accuracy is said to be better 
than 0.5 percent; additional taps can 
be provided. Cut-off frequency is 400 
cy/sec; phase linearity is said to be 
better than 0.75 percent up to 300 
cy/sec; attentuation is 20 db at 300 
cy/sec, and impedance is 1 kohm. The 
delay line can be cascaded with some 
sacrifice of bandwidth and attenuation. 
(Comrol Electronics Co., Dept. Sci- 
187, Huntington Station, N.Y.) 


™ INFRARED SPECTROPHOTOMETER is a 
flat-bed type recording instrument 
covering the range of 650 to 5000 wave 
numbers in a scanning time of 10 min. § 
The scan may be stopped and started 
at any point. The photometer is of the 
double-beam type with a Nernst fila- 
ment radiation source. Radiation enter- 
ing the monochromator is interrupted at 
a 10 cy/sec rate; slits are programmed 
for constant energy; the level of the 
program may be varied. The dispersing 
element is a 60-deg, rock-salt prism: 
the radiation detector is a Golay cell. A 
potentiometer accessory permits any 
chosen portion of the transmittance 
scale to be expanded on an external 
recorder. A variety of sample cells is 
available. (Unicam Instruments Ltd., 
Dept. Scil59, Asbury Works, Cam- 
bridge, England) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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RADIOCHEMICALS 


Over 400 Carbon-14, and Tritium Compounds+many new com- 
pounds + Plus,radioactive sources and analytical services. 


Write today for schedule H 


new england 


575 ALBANY STREET, 


sulphate 


corp. 


® 
BOSTON 18 


@ High sensitivity . tel 0.001 quinine 


Micro-fiuorimetry . liquid velumes down to 1 mi 
® Low biank readings . : . linear instrument response 
- @ High sensitivity nephelometry . . . minute turbidities 
_ @ Fluorescence evaluation of powders, pastes, and solids; — 
also for spot-tests on filter paper without elution : 
© Selection of filters, interference filters, and sample holders 


: > Write for Bulletin No. 392 to: 


PHOTOVOLT 


1115 Broadway 


New York 10, N. Y. 


Also: pH Meters, Colorimeters, Densitometers 


PERSONNEL PLACEMENT 


CLASSIFIED: Positions Wanted. 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed tc the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Payment in advance is required 
except where satisfactory credit has been 
established. 


Single Seeaetion $40.00 per inch 
4 times in 1 year 38.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


POSITIONS WANTED 


Biochemist. Academic appointment. Research and 
teaching. Graduate faculty. Publications. Dr. 
J. H. Schneider, American University, Beirut, 
4/28; 5/12, 26; 6/9 


Lebanon. 


Botanist, Ph.D. June; experimental plant embry- 
ology, tissue culture, and biochemistry. Desires 
research or teaching position. Box 92, SCIENCE. 


Medical-Pharmaceutical Communications: B.A., 

A., sciences and public health; 9 years’ exper- 
ience = New York City area. Box 
SCIENCE 


MD. M.S. pharmacology, age 36, experience in 
medical writing, desires position as medical 
writer or editor. Box 88, SCIENCE. 4/28 


Veterinary Pathologist, Ph.D. Teaching and re- 


search experience. Desires position with chemical 
or pharmaceutical company. Box 91, SCIENCE. X 


POSTTIONS OPEN 


MICROBIAL GENETICIST 


POSITIONS WANTED _ [ill 


(a) Nuclear Physiologist, Ph.D. experienced in 
directing and conducting research in radioisotope 
application for clinical studies, radiation injury, 
poisoning, mortality, and other biomedical fields; 
interested in commercial or basic research oppor- 
tunities. (b) Zoology Ph.D. experienced in teach- 
ing general and -eterinary parasitology with 
reserach on epidemiologic and chemotherapeutic 
Studies of animal disease; available for academic 
or industrial ap; ointment. (Please write for in- 
formation regarding these and other scientists in 
all fields; nationwide service.) S4-4 Medical Bu- 
reau, Inc., Science Division, Burneice Larson, 


Chairman, 900 North Michigan Avenue, —, 


Ph.D. in microbiology with strong 
training and research experience in 
microbial genetics needed to apply es- 
pecially in strain improvement and 
other aspects of antibiotic field. In- 
terested applicants should write send- 
ing detailed résumé, including list of 
publications, to Technical Personnel 
Manager, Research Division, 


Parke, Davis & Company 
Detroit 32, Mich. 


28 APRIL 1961 


POSITIONS OPEN 


(a) Biochemist to head research laboratory on 
studies of heparin and relation to arteriosclerosis 
using radioisotope ey academic rank at 
medical college; $10,000—$12,000; East. (b) Super- 
visory Veterinarian as adviser on research on 
comparable pathology and pathogenesis of infecti- 
ous diseases, $12,000. (c) Medical Entomologist 
for research on arthropod vectors and aspects of 
life cycle, $8900; leading government laboratory. 
(d) Chemist experienced in metallic soaps, vinyl 
stabilizers, and detergents for research and prod- 
uct development with large chemical firm; around 
$9000; East. (e) Biologist for studies on dissolved 
organic materials in sea water including carbohy- 
drates, proteins, fats, and vitamins; South. (f) 
Bacteriology Professor to develop virology pro- 
gram at university public health department in 
new building; around $9000; East. (g) Immunolo- 
gist/Immunochemist trained in electrophoresis 
principles for research in effects of stress on ani- 
mals and biological fluids and independent studies 
in aviation medicine; Southwest. (h) Organic 

Anayltical Chemist: for expanding pharmaceutical 
firm with new research facilities; around $10,000; 
East. (i) Microscopic Anatomy Instructer, and 
Assistant or Associate Professor appointments at 
medical college with new modern laboratory; 
East. (j) immunologist or Biochemist to supervise 
laboratory and conduct research on allergy and 
independent studies at large university affiliated hos- 
pital; $8000-$11,000; East. (k) Biologist — 
enced in large-scale slide production for biological 
supply firm; $7000-$9000; Midwest (1) Physi 

gist to direct and conduct vibration studies in 
human factors laboratory with university affilia- 
tion; Midwest. (m) Entomology Instructor or As- 
sistant Professor to teach and conduct research 
in general, systematic, and forest entomology 
and introductory zoology at state college; $5000- 
$8000; Southwest. (Please write for details; also 
many other positions available through our na- 
tionwide service.) S4-4 Medical Bureau, Inc., 
Science Division, Burneice Larson, Chairman, 
900 North Michigan Avenue, Chicago. THE 
BEST SOURCE FOR THE BEST MEDICAL- 
SCIENTIFIC POSITIONS. x 
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FELLOWSHIPS 


out the 3 years. 


8, New York. 


RESIDENCY IN EPIDEMIOLOGY 


A 3-year residency in epidemiology is now offered by the New York State 
Department of Health. In this residency a small number of physicians and 
others with doctorates in related fields will be trained as epidemiologists. Heavy 
emphasis will be placed on the coordination of clinical, laboratory, and field 
investigations, and on research methods, particularly as applicable to diseases 
of noninfectious and unknown etiology. 

Fellows in this program during the first year will work with practicing epi- 
demiologists concerned with both applied and research problems. They will 
also have opportunity to observe other public health activities during this 
period. During the second year Fellows will be expécted to attend one of the 11 
graduate schools of public health and to meet the full requirements for the 
Master of Public Health degree. The terminal 16 months of the fellowship will 
be spent in substantially independent research. Those with appropriate previous 
experience may enter the program at the second- or third-year level. 

Fellows will receive full support, tuition, and dependency allowances through- 


Requests for application forms and additional information should be ad- 
dressed to William Haddon, Jr., M.D., Director, Epidemiology Residency Pro- 
gram, New York State Department of Health, 84 Holland Avenue, Albany 


POStTIONS OPEN 


EDITORIAL ASSISTANT 
FOR SCIENTIFIC JOURNAL 


To help determine acceptability of papers, 
with aid of journal’s scientific advisers. Also 
to edit manuscripts. Scientific background 
necessary. Editorial experience helpful. Salary 
open. Washington, D.C., location. 


Box 61, SCIENCE 


LECTURESHIP IN ORGANIC CHEMISTRY 
Applications are invited for a lecturer in organic 
chemistry. This post would be particularly suit- 
able for a young graduate, preferably with a 
Ph.D., interested in devoting a few years of his 
scientific career to helping African development 
and teaching chemistry ina challenging way. An 
applicant interested in investigating natural prod- 
ucts would be preferred. Appointment tenable 
from 1 February 1962. 

Salary scale for lecturer: £1000 by £50 to 
£1250 (efficiency bar) by £50 to £1350. Initial 
salary according to qualifications and experience. 
Pension scheme. Family allowance of £100 p.a., 
plus £40 per child under the age of 18. Train 
and sea passages arranged for appointee, wife, 
and children. Baggage allowance. 

Further information and application forms, to 
be returned by 15 June, obtainable from the 
Registrar, Pius XII College, Roma, Basutoland, 
Southern Africa. xX 


RESEARCH INVESTIGATOR 


Beginning salary $7560. Excellent opportunity for 
training in bioastronautical research as an assist- 
ant to senior scientist. Position is in the career 
civil service. M.S. in specialty field of either ecol- 
ogy, physiology, biochemistry, or biophysics. Two 
years’ experience which demonstrates satisfactory 
planning and execution of research studies. Apply 

Naval Aviation Medical Center, Pensacola, 
Florida. 


VIROLOGIST 


To plan and conduct investigational, diagnostic, 
base-line, and surveillance studies of viruses and 
related organisms in the Hawaii state public 
health laboratory. Requires 2 years’ experience 
in propagating, detecting, and identifying viruses 
and completion of graduate work leading to a 
Ph.D. in virology, Ba greene or a related field. 
Salary $8256-$10,536 per annum. Write to De- 
partment of Personnel Services, 825 Mililani 
Street, Honolulu 13, Hawaii. 


The Zoology Department of the University 
of Arkansas will have an opening for an 
Instructor with a Ph.D. beginning Septem- 
ber 1961. Preferred fields of research: verte- 
brate morphology, systematics, or general 
physiology. Write to 
Chairman, Department of Zoology 
University of Arkansas, Fayetteville 


The Market Place 


BOOKS + SERVICES + SUPPLIES +» EQUIPMENT 


BOOKS AND MAGAZINES 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


! FOR UP-TO-DATE INFORMATION ON 
GAS CHROMATOGRAPHY 
READ AEROGRAPH RESEARCH NOTES 


Wal 
subscription Box 313-A Walnut Creek, Calif, 


SUPPLIES AND EQUIPMENT 
¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8169 South Spaulding Ave., Chicago 29, Ill. 


YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue SS 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 ° Denver 16, Colo. 


! 

write for 
: fd . / WILKENS INSTRUMENT & RESEARCH INC, 


CHARLES RIVER *CD-1 S 


(Caesarean-derived) 


ALBINO 
m { SWISS ICR 


* Trade- 
mark 


T 


Hypophysectomies available 

THE CHARLES RIVER 
MOUSE FARMS 

1018 Beacon St., Brookline 46, Mass., RE 4:2000 


SYMPOSIUM ON BASIC 
RESEARCH 


Editor: Dael Wolfle 1959 


AAAS Symposium Volume 
No. 56 


328 pages, cloth $3.00 
AAAS members’ cash order, price $2.50 


Sponsored by the National Academy 
of Sciences, the American Association 
for the Advancement of Science, and 
the Alfred P. Sloan Foundation. 


CONTENTS 


J. Robert Oppenheimer, The Need for 
New Knowledge 


Alan T. Waterman, Basic Research in 
the United States 


W. O. Baker, The Paradox of Choice 


Laurence M. Gould, Basic Research 
and the Liberal Arts College 


C. A. Elvehjem, Basic Research and the 
State University 


lee A. DuBridge, Basic Research and 
the Private University 


James R. Killian, Jr., Capsule Conclu- 
sions 


Crawford H. Greenewalt, Basic Re- 
search: A Technological Savings Ac- 
count 


Dwight D. Eisenhower, Science: Hand- 
maiden of Freedom 


Allen V. Astin, Basic Research in Gov- 
ernment Laboratories 


James B. Fisk, Basic Research in In- 
dustrial Laboratories 


Merle A. Tuve, Basic Research in Pri- 
vate Research Institutes 


Paul E. Klopsteg, Support of Basic Re- 
search from Government 


Robert E. Wilson, Support of Basic 
Research by Industry 


Robert S. Morison, Support of Basic 
Research from Private Philanthropy 


Dael Wolfle, The Support of Basic Re- 
search: Summary of the Symposium 


British Agents: Bailey Bros. & Swinten, Ltd. 
Hyde House, W. Central Street, 
London,{W.C.1 


American Association for the 
Advancement of Science 


1515 Massachusetts Avenue, NW 
Washington 5, D.C. 
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NEW POLARIZING 
MICROSCOPE by AO 


The AO Polarstar’s building-block concept of 
design gives you an unequalled choice in the 
selection of your polarizing microscope and 
equipment. Various combinations of bodies, 
stages, analyzers, nosepieces, substage equip- 


ment and bases can be selected to provide the 
exact model you want. Whatever the model, 
you're assured of top optical and mechanical 
performance, matchless convenience and 
versatility... 


plus these outstanding Polarstar advantages... 


CONVENIENT CAMERA ACCESSORY 
... Low-cost 35mm camera for use 
with trinocular or photographic mo- 
nocular body. Shoot what you see 
through coupled visual 

and photographic sys- 

tem. Take black and white 

or full color 35mm photos 

... quickly... easily. 


REVERSIBLE BODIES...INTER- 

CHANGEABLE... Choose from 

monocular, binocular and trinoc- 

ular bodies... all inclined for 
comfort. 


POLAROID ANALYZER ... Choice of 
rotatable or fixed, swing-in. 


QUICK-CHANGE NOSE- 
PIECE... Convenient quick- 
change centerable or triple 
revolving nosepiece. 


POLAROID POLARIZER ... Spe 
cially selected fixed Polaroid 
Polarizer in Abbe condenser per- 
mits optimum use of full numeri- 
cal aperture of condenser. Swing- 
in auxiliary condenser fully 
illuminates the field of view for 
orthoscopic work with low-power 
objectives. 


COATED OPTICS... Strain-free Objec- 
tives, Wide Field Eyepieces and all 
essential air-glass surfaces are coated 
...Americote...for superior perform- 
ance. 


BERTRAND LENS... Slide-in type... 
built-in, focusable ... for convenient 
conoscopic observations. 


CHOICE OF STAGES... 
Plain graduated rotat- 
ing stage or graduated 
rotating Micro-Glide 
stage for quick conven- 
ient specimen position- 
ing. 


FOCUSABLE STAGE... 
You focus the stage and 
the specimen to the ob- 
jective with low, conven- 
iently positioned coarse 
and fine adjustments. 


CHOICE OF BASES... 
Choose from Built-in Base 
Illuminator for convenient 

Kohler type illumination or 
horseshoe base with mirror. 


American Optical 


Dept. R4 


Write today for 10 page Polarstar Brochure No. SB2300! 


Name. 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK City. Zone, State 


| 
| 
| om ally Address | 


IN CANADA write— American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 
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